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HVUE  SET  DESCRIPTION 


1  0  INTRODUCTION 

This  section  of  the  Teui  Instrument*  HVUE  Final  Report  •• 
called  out  in  Contract  Data  Requirements  List  (CDRL> 
sequence  number  A003  on  contract  FO47O1-75-C-O101  describes 
the  design  of  the  MVUE  set  as  implemented  in  Phase  I  of  the 
Navstar  Global  Positioning  System  (GPS)  Historically, 
sophisticated  equipment  was  designed  and  fabricated  to  meet 
its  specific  requirements  Although  such  an  approach  may  be 
simplest  to  undertake,  it  provides  only  minimum  production 
advantages  to  each  user  application  Life-  cycle  cost  and 
risk  for  each  configuration  are  typically  high  In  an 
attempt  to  offset  some  of  these  d 1 (advantages.  there  is  an 
inclination  toward  the  development  of  three  or  four  standard 
system  conf iguratlom.  one  of  which  may  be  selected  for  a 
specific  user  application  Such  an  approach  does  afford 
some  advantages  a*  a  result  of  the  potential  increase  in 
production  of  each  configuration,  but  in  most  cases  it  will 
result  in  compromise  of  performance  and  physical 
character istics 

A  more  effective  approach  for  achieving  utility  and 
af f ordab i 1 i ty  can  present  perhaps  the  more  difficult  initial 
design  and  development  issues  This  approach  requires 
establishing  user  equipment  commonality,  not  at  the  system 


level.  but  at  the  subsystem  level  to  that  tinnier  function* 


in  different  ueer  c onf i guret  i  ont  cen  be  itoleted  end 
genereliied  to  ute  identical  circuit*  or  tubroutinet  Theta 
building  blocks  or  common  modules  cen  be  used  to  satisfy 
every  user  equipment  requirement  end  consequently,  provide 
the  Miieue  production  volume  advantage  Because  of  the 
fleiibillty  and  commonality  established  at  this  level, 
perforaence  and  physical  characteristics  are  not  compromised 
for  specific  user  requirement*  Component  technology 
improvements  can  be  incorporated  with  minimum  perturbations 
to  other  functional  element*  The  result*  is  an  approach 
that  permit*  the  c one en t r a t i on  of  efforts  in  subsequent 
development  phase*  to  be  aimed  toward  product  and  cost 
improvements  that  arc  beneficial  to  all  users  and  not 
encumbered  with  the  difficulties  of  the  "slight”  variation* 
of  system  characteristics  and  performance  that  often  result 
in  major  system  level  incompatibilities.  forcing  the 
evolution  toward  uniqueness,  rework  or  redesign 

The  design  of  common  module*  must  be  preceded  by  a 
careful  definition  of  the  functions  to  be  performed  by  each 
module  This  definition  is  evolved  through  an  iterative 
elevation  process  centered  upon  variables  such  as  OPS 
equipment  functions  to  be  performed,  current  and  projected 
component  technology,  performance,  physical  characteristics, 
and  cost  Basically,  this  process  follows  the  general  steps 
listed  below  (illustrated  in  Figure  1-1  and  1-3) 

1  Definition  of  functions  to  be  performed  by  OPS 


€ 


3 


user  iquipmtnt 


2  Stpar«tion  of  these  function*  into  two  catagonat 

-  Th  o » •  itnutivi  to  application*  and 

-  Those  not  itntitiva 

3  Subdivision  of  ap p 1 1 c a 1 1  on- 1 nsen* 1 1 1 v*  function* 
into  elements  grouped  to  provide  nanaua  commonality 
over  the  span  of  identified  user  requirement* 

4  Design  of  common  module*  that  provide  the 
performance  required  of  these  elements 

The  design  of  each  common  module  was  guided  by  Imposing 
constraints  defined  by  the  requirements  containing  the  worst 
case  condition  applicable  to  the  module  For  eiample.  the 
design  requirement  for  site*  weight,  and  power  may  be  driven 
by  a  man-portable  requirement  while  performance  and 
environmental  constraints  may  be  driven  by  missile  or 
satellite  requirements  In  addition,  other  constraints  and 
control*  were  established  that  quitted  the  common  module 
design  to  cost  effort* 

Th*  system  concept  and  design  resulting  from  this 
effort  permit  meiimum  commonality  between  various  system 
designs  through  the  use  of  different  quantities  of  common 
modules  to  satisfy  specific  performance  requirements  Also, 
because  of  th*  functional  nature  of  modules,  improvements  to 
accosMaodat*  performance  requirement*  were  incorporated  with 
minimum  impact 
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figure  1-2.  General  Block  Dtagran 


2  0  MVUE  SYSTEM  LEVEL  DESCRIPTION 


2  1  SYSTEM  OVERVIEW 

The  N»n»«ck/V»huul»T  Uaer  Equipment  (MVUE)  it  the 
tppropntt*  combination  of  hardware  and  loftwan  that  it 
required  to  racaiva  and  proem  tha  available  navigation 
tignalt  into  uttablt  navigation  data  in  accordance  with  the 
Prime  Item  Product  Specification  for  the  Global  Petitioning 
Sgatem  Mtnpac I /Veh uultr  Petitioning  and  Navigation  Set. 
C I D-ADUE - 1 0 1 A.  3  June  1V7S  A  functional  block  diagram  of 
the  MVt€  tgttem  it  thown  in  Figure  2  1-1  The  heart  of  the 
tgttem  it  a  tingle  channel  GPS  receiver  and  a  TI  9700 
m 1 c r op r oc e t t or  configured  with  48*  of  memorg  organited  into 
a  0*  root  and  two  16*  paget  A  pictorial  r tpr eaentat 1  on  of 
the  MVtC  component!  included  when  the  tgttem  it  inttal led  in 
a  vehicle  it  thown  in  Figure  2  1-2  The  MVUE  in  a  manpac k 
configuration  it  thown  in  Figure  2  1-3  The  configuration  of 
the  tgttem  modulet  within  the  MVUE  encaaement  It  thown  In 
F  tgure  2  1-4 

The  primerg  function!  of  the  MVUE  are 
a  Select  and  acquire  OPS  tranamitter  tignalt 
b  Proceaa  OPS  tranamitter  tignalt  and  eatimate  MVUE 

uter't  petition  and  time  with  an  accuracy  at  tpecified  in 
CID-ADUE-101A 

c  Provide  interface  *with  uaer  through  a  Control 

Dieplag  Unit  <CDU>.  on  cometand  tha  uter't 


0€ 


position.  time.  rang*  and  bearing  to  a  rmdtivoui  point,  and 
other  sgstem  output*  specified  m  C I D-ADUE- 1 01 A 

d  Provide  for  operation  in  manpack  configuration  with 
batterg  po«tr  or  aountid  in  a  vihic It  and  powtrtd  bg  vthiclt 
power  tourct 

The  detailed  »g*t*m  specification*  and  required 
phgsical  characteristic*  are  provided  in  C I D~ ADUE- 1 0 1 A 

The  MVUE  sgstem  ha*  9  major  mode*  off.  cold  start, 
operate.  alMnac  collection,  standbg.  warm  start.  software 
restart.  and  built-in-test  The  operate  mode  ha*  two  Mjor 
submode*  I n 1 1 1 a  1 i > a 1 1 on/ *a t e 1  1  1 1 e  acquisition  and 
steadg-state  The  «teadg-state  «ubmode  ha*  five  operational 
states  normal.  ionospheric  delag  measurement,  ephemeris 
update.  new  satellite  acquisition.  and  signal 
loss/reacquisltion  The  following  paragraphs  brieflg 
describe  the  sgitem  mode*  of  operation  (A  detailed 
description  of  user  operating  procedure*  is  given  In 
Appendii  A.  MVUE  User's  Manual  ) 
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2  1  1  Cold  Start 

a  Equipment  Stab  1 1 1 t at l on  Period  -  At  first  turn  on 
operator  control  via  the  CDU  will  be  prohibited  for  13  9 
Minutes  to  allow  the  reference  oscillator  and  other  critical 
coaponsnts  to  stab  line  A  manual  override  of  this  delay  is 
provided 

b  Power  Up  -  After  the  13  9  minute  stab  1 1 1  tat  1  on 
period.  the  processor  will  be  powered  .«nd  all  random  access 
memory  will  be  xeroed 

c  00 /NO  00  -  Before  slowing  the  operator  to  further 
activate  the  system.  a  sequence  of  self  tests  are 

au t oma 1 1 c a  1 1 y  commanded  to  determine  if  the  system  is  ready 
for  normal  operation  If  all  tests  are  passed.  the 
operator's  inputs  are  processed  and  normal  operation  begun 
If  all  tests  are  not  passed,  a  warning  message  is  displayed 
before  proceding  to  normal  operation 

d  System  I n 1 1 1  a  1 1 i a t i on  -  Before  commanding  the  NVUE 
to  acquire  the  satellites  and  navigate,  the  operator  must 
initlaltie  his  position  and  time  He  may  also  lnitialiie 

altitude.  select  the  satellites  to  be  acquired,  and/or 

lnitialiie  rendeivous  ( we ypoint)  coordinates 

e  Navigation  Activation  -  The  system  is  co«M*anded  to 
acquire  the  satellites  and  navigate  by  depressing  the  FIX 
key  on  the  CDU 


2 


2  i  2  Qairati 

a  Satellite  Acquisition  -  The  software  subsystem 
initialiies  system  parameters  and  then  provides  aiding  to 
the  receiver  to  acquire  the  satellite  signals  and  begin 
navigation  The  system  attempts  to  acquire  those  satellites 
selected  by  the  operator  or.  if  the  operator  did  not  select 
any  sources,  the  system  attempts  to  acquire  up  to  sii 
satellites  with  the  largest  elevation  as  determined  by 
software  computations  based  on  satellite  orbital  data  stored 
in  the  almanac 

b  Steady  State  Operation  -  After  the  satellites  have 
been  acquired  and  satellite  ephemeris  data  has  been 
collected  from  the  satellites.  the  system  begins  normal 
tracking  of  the  satellites  by  sequencing  between  satellites 
every  two  seconds  Range  measurements  are  made  and 
navigation  is  begun  After  a  short  deloy  to  allow 
navigation  filter  convergence.  a  user  fii  is  displayed 
au t owe t i c a  1 1 y  on  the  CDU.  and  additional  files  or  other 
system  outputs  are  displayed  when  commanded  by  the  operator 
or  once  per  minute  if  the  operator  chooses  the  automatic  CDU 
display  mode  During  steady-state  operation.  several 
different  states  of  operation  are  invoked  automat i c a  1 1 y  by 
the  software  depending  on  particular  conditions  These 
states  of  operation  are  described  as  follows 

(1)  Normal  -  In  the  normal  mode  of  operation.  the 
system  makes  range  and  range  rate  measurements  for  a 
different  satellite  every  two  seconds  based  on  the  satellite 
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LI  frequency  signals  The  ntiiurfutnti  ara  proemtd  by  a 
KilMn  data  filtar  and  tha  utar's  *  it  inattd  position  and 
tlaa  an  updatad 

(2)  lonosphsric  Dslay  Haasura»ant  -  Evary  24  iacond« 
an  ionospheric  delay  *eeturemant  it  *ada  by  tha  raealvar  by 
procatiing  an  L2  fraquancy  signal  from  ona  of  tha 

tatal 1 ttas 

(3)  Ephamarit  Update  -  One*  ivtry  hour  of  steady-state 
oparatlon,  an  aphamarta  updata  it  mada  by  coilacting  frath 
aphamarit  data  fro*  aach  tatal 1  i  ta  Tha  aphaaarit  data  it 
collactad  in  tit  tacond  blocks  and  during  aach  sii  aaconds 
of  data  col  lac  tion.  maasuramants  ara  not  incorporatad  to 
updata  tha  usar's  astiaatad  position  Tha  sii  sacond  blocks 
ara  spraad  out  ovtr  savaral  minutas  in  ordar  to  not  dagrada 
appraciablg  tha  navigation  accuracy 

(4)  N»w  Satallita  Acquisition  -  Evarg  two  minutas.  a 
datarainat I  on  of  satallita  visibility  is  mada  As 
satallltas  risa  and  sat  ovar  tha  honion,  tha  systa*  may  ba 
required  to  acquire  a  naw  satallita  that  is  not  currantly 
baing  trackad  In  tha  naw  satallita  acquisition  moda.  tha 
systa*  atta*pts  to  acquira  tha  signal  from  a  naw  satallita 
and  if  tha  signal  is  acquirad.  tha  systam  collacts  aphamarit 
data  fro*  tha  satallita  and  than  adds  tha  satallita  to  tha 
c ons ta 1 lat i on  baing  utad  for  navigation 

(5)  Signal  Loss/Raac qu l s i t i on  -  Satallita  signals  may 
ba  lost  duo  to  signal  masking  by  trass,  buildings.  tsrrain. 
ate  In  tha  signal  loss/  r  aac  qu  i  s  i  1 1  on  state?  of  oparatlon. 
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2  13  Almanac  CfllltkUflll 

Th  *  operator  may  chooif  to  tcquirt  a  now  almanac  by 

selecting  th*  almanac  colltction  mod*  via  th*  CDU  In  this 

mod*.  a  satellite  1*  acquired  bg  searching  th*  *ntlr*  sky. 
If  n*c*««arg.  for  th*  ngnal.  and  th*n  collecting  fresh 
almanac  data  for  all  operable  satellites  After  the  almanac 
data  is  collected.  the  system  au torn* 1 1 c a  1 1 g  attempts  to 
acquire  th*  satellites  and  begin  normal  navigation 

2  1  «  SliMfeU 

Th*  operator  mag  plac*  th*  system  into  standbg  at  ang 
time  bg  manual lg  switching  to  this  mod*  In  the  standbg 

mode,  th*  processor  is  not  powered  and  l*n  system  power  is 

consumed  In  the  standbg  mode,  th*  system  does  not  process 

ang  data  and  cannot  be  commanded  via  th*  CDU  Th*  last  user 
state  before  entering  standby  is  stored  in  a  non-volatile 
portion  of  memory  for  later  us*  Tim*  is  also  maintained 
No  outputs  are  available  in  this  mod* 

2  1  3  Warm  Start 

The  transition  back  to  normal  operation  after  a  period 
of  standbg  is  the  warm  start  mode  This  mod*  Is  similar  to 
a  cold  start  but  the  operator  is  not  required  to 
reinitialii*  and  th*  initial  position  of  th*  user  Is  assumed 
to  be  th*  position  when  standby  was  invoked  The  satellites 
are  acquired  in  the  same  manner  as  in  a  cold  start  and  a  fit 
is  automat i c a  1 1 g  displaged  after  th*  navigation  filter  has 
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converged  The  CO/NO  00  self  tests  «r«  included 


2  l  6  Sflf tMTt  RnUrt 

This  «odc  may  be  invoked  at  any  time  by  the  operator 
and  cautet  the  toftware  to  be  recycled  at  if  a  cold  itart 
was  occunng  Mott  of  the  RAH  memory  it  leroedi  however, 
the  operator's  previous  CDU  l n 1 1 i a  1 l i a 1 1 on  it  saved,  and 
r e  in 1 1 1  a  1 1 i a 1 1 on  it  not  required  but  it  allowed  When  the 
operator  depresses  the  FIX  key.  the  system  initializes 
system  variables  and  attempts  to  acquire  the  satellites  as 
in  a  cold  start  Also.  the  CO/hiO  CO  self  tests  are 
inc luded 

2  1  7  Built  In  Test  (BIT ) 

The  BIT  mode  may  be  selected  by  the  operator  and  causes 
the  system  to  go  through  a  sequence  of  self  tests  At  the 
end  of  each  test,  if  an  abnormality  is  observed,  a  message 
identifying  the  area  of  hardware  containing  the  abnormality 
is  displayed  If  all  tests  are  passed,  an  OK  is  displayed 


2  2  SOFTWARE  OVERVIEW 


2  2  1  Func  tioni  and  Strut  ture 

The  data  procmor/computtr  software  accepts  and 
processes  the  outputs  of  the  receiver  assembly  and  control 
display  unit  and  performs  those  computations  and  tasks 
necessary  to  support  the  required  system  operation  The 
data  processor/coeputer  software  is  allocated  the  following 
system  functions 

a  Select  the  set  of  OPS  transmitters  from  those 
available  that  will  provide  the  necessary  inputs  to 
compute  on  a  continual  basis  the  user's  position  and 

time 

b  Provide  signal  acquisition  and  tracking  aiding 
data  to  the  receiver 

c  Accept  control  commands  from  the  CDU  and 
provide  for  altering  the  processing  of  computer 
programs  or  other  equipment  functions  as  required 

d  Convert  the  system  data  and 

pseudo-range/range-rate  measurements  into 

three-dimensional  position  and  time 

e  Provide  for  QQ/NO  00  and  self-test  functions 
to  the  maiimum  eitent  practical 

f  Compute  and  output  to  the  CDU  on  command 

(1)  Present  position 

(2)  Position  of  selected  rendeivous  point 

(3)  Aiimuth  to  selected  rendeivous  point 
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with  r»f trtnct  to  grid-North 
(4)  Distance  to  selected  rtndtivoui  point 
(3)  Time-of-day  (  d  ay -o  f -wee  k  .  hour-mn-itc  ) 

(6>  Ett inatf  of  uncertainty  in  position 

(7)  Number  of  CPS  transmitters  used  by  the  system 

(8)  Altitude  of  user's  position 

(9)  System  condition  warning  messages 

g  Provide  receiver  control  and  eeasureeent 

proc  ess ing 

h  Provide  all  required  system  service  tasks  such 
as  precision  time  keeping,  system  start-up  control# 
eiode  control,  error  monitoring,  etc 

The  software  is  structured  into  four  major  subsystems 
as  foil ows 

a  Eiecutlve  Subsystem 
b  Has  ter  Control  Subsystem 
c  Receiver  Subsystem 
d  Navigation  Subsystem 

The  system  functions  are  further  subdivided  and 
allocated  to  the  software  subsystems  as  shown  in  Figures 
2  2-1  through  2  2-4 
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F Igure  2.2-2. 


faster  Control  Functional 


Subsystem 
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Figure  2.2-<.  Navigation  Functional  Subsystem 


2  2  Data  Inttrfm 


2 

The  computer  date  util l ltd  in  the  MVUE  sqstem  can  be 
cttigori ltd  in  four  area*  -  signal  data.  measurement 
(ranging)  data.  c omputat l ona 1  data.  and  control  data 
First,  the  signal  data  is  transmitted  from  either  SV '  s  or 
qround  tramsmitter.  and  received  bq  the  receiver  The 
received  data,  recovered  after  complicated  receiver  hardware 
procedures,  is  1  rearranged  to  store  in  a  data  base  This 
procedure  is  called  data  block  processing  Regarding  the 
detailed  signal  data  interface,  refer  to  the  ICD.  Doc  No 
MHOS -00002- 400  E  Second,  the  measurement  data  is  generated 
bq  the  reciever  hardware  using  the  siqnal  data  stream  <P  and 
C/A  code)  which  is  considered  as  a  measuring  rule  Third, 
the  c omp u t a t l ona  1  data  is  the  output  of  the  navigation 
process  coordinating  with  the  measurement  This  data  is 
also  the  sqstem  output  and  displaqed  on  the  C DU  F i n a  1 1 q . 

the  control  data  is  used  for  the  control  of  receiver 

assemblq.  navigation  process  or  the  master  control  of  the 
MVUE  sqstem  In  Figure  2  2-5.  the  MVUE  software  sqstem  data 
flow  is  depicted  The  data/control  flow  interfacing  between 
the  MVUE  software  subsqstems  is  partitioned  to  the 


f  unc  1 1 ona 1 

level  as  shown  in  Figure  2  2-6 

These 

inter fac  e 

data  bases 

will  be 

further  specified 

in  the 

Receiver 

subsqstem. 

Navi  gat i on 

s  ub  s  q  stem.  and 

Master 

Control 

subsqstem  in  Section  3  O 
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Figure  2.2-b.  Program i  Data  Flow 


2  2  3  computer  Exaaraa  Lanamat 

The  installed  program*  arc  compiled  with  FORTRAN  IV  and 
Assembler  and  supported  with  the  software  development 

utilities,  which  are  referred  to  the  following  references 
FORTRAN  IV  94541 1-9701 

Assembler  943441-9701 

Utilities  945256-9701 

224  niaani  AllenliQ.n 

The  amount  of  memory  required  by  each  software 
subsystem.  its  allocation.  and  a  comparison  with  total 
memory  available  is  shown  in  Figure  2  2-7  The  further 
breakdown  of  memory  required  by  subsystem  function  is 
included  in  the  software  subsystem  description  given  in 
section  3  0 
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Procmor  loading  was  studied  bg  determining  the  peak 
time  required  for  completion  of  two  second  and  24  second 
priority  tasks  under  a  varietg  of  sgstem  conditions  The 
peak  time  was  determined  bg  calling  the  Executive  routine 
X3T1MM  at  the  end  of  the  two  second  priority  navigation  task 
N1MH1T  and  the  24  second  prioritg  navigation  task  NlrtNFL 
Since  these  are  the  final  sgstem  tasks  to  run  In  each 
prioritg.  these  measurements  characterize  sgstem  loading  for 
these  sgstem  priorities  The  Executive  task  X3TIMM  is 
called  with  an  argument  equal  to  the  task  prioritg  in  20 
millisecond  units  and  returns  the  number  of  20  millisecond 
periods  that  have  transpired  since  the  task  was  scheduled  at 
its  prioritg  lioundarg  The  results  of  the  studg  are  given 
in  Figure  2  2-8 
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2  2  6  Saf  tmrt  BxYliQB.mgPA 

The  MVUE  software  was  developed  and  delivered  for  field 
testing  in  four  distinct  phases  Each  new  software  version 
contained  significant  additional  system  capabilities  with 
respect  to  the  previous  version  The  basic  software 
versions  were  defined  as  Releases  2  0.  3  0.  40.  and  5  0 

In  two  cases.  additional  sub-releases  were  delivered  to 
correct  problems  or  add  capabilities.  these  releases  were 
2  1  and  5  1  The  date  of  delivery  and  list  of  capabilities 
for  each  software  release  are  given  below 


Rjtijjlix  2  0  -  October  1970 


The  first  release  de 

1  l  v  e  r  e  d 

to  the  f  i 

e  1  d 

uia  St 

k  n  own 

a  i 

the  "Basic  Navigation" 

release 

bee  a  u  s  e 

1 1 

% 

desi gned 

t  o 

provide  basic  navigation 

c  ap  ab  i  1 

i  t  i  e  s  w  i 

th 

no 

frills 

i  n 

order  to  check  out  basic  design  issues  and  determine  MVUE 
compatibility  with  the  field  test  instrumentation  and  data 
c o 1 1 ec t i on / r e d uc t  i  on  facilities  The  basic  software  system 
level  capabilities  were  as  follows 

(1)  Basic  CDU  operations  including  capability  to 
initial i ir  position  in  WG5-72  latitude  and  longitude, 
initialise  time.  select  CPS  satellites  or  ground 
transmitters,  and  initial  lie  altitude 

(2)  Navigation  with  four.  five,  or  sii  signal  sources 
including  satellites  and/or  ground  transmitters 

<3>  CDU  output  of  WCS-72  latitude,  longitude,  altitude, 
and  time 


€  3 


(4)  CDU  output  of  most  system  warning  messages 

(5)  (1VUE  Instrumentation  System  interface  and  system 


i 


I 

I 


I 

I 

I 

I 


data  collection  and  output 

Release  2 _ L  “  October  1978 

This  release  was  delivered  at  ap p r o ■ l ma t e 1 y  the  same 
time  as  Release  2  0  Two  capabilities  were  added  and  one 
software  correction  was  made  Release  2  1  capabilities  were 
as  follows 

(1)  All  Release  2  O  capabilities 

(2)  Waypoint  operations  including  input  of  up  to  eight 

waypoints  in  WCS-72  coordinates  CDU  output  of  range  and 
bearihg  to  each  waypoint  and  Display  of  waypoint 

coordinates 

»3>  Manual  altitude  hold-  enabling  navigation  with  only 

\ 

»• 

three  signal  sources 

<4>  Time  l n i t i a  1  i ; a t i on  correction 

FLlLfflX  3  0  18  December  1970 

Release  3  0  softs,  re  primarily  added  those  additional 
capabilities  necessary  for  successful  Operational  Test  and 
Evaluation  Agen.y  (OTEA)  testing  Capabilities  of  release 
3  0  were  as  follows 

(1)  All  Release  2  1  capabilities 

(2)  CDU  display  of  mean  sea  level  altitude 

(3)  Military  Or i d  coordinate  t r an s f or ma t l on 

( 4 )  C /NO  mon 1 1 o r 
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(  5 )  Excessive  otc i  llitor  bsa*  uurning 

(6)  Automatic  satellite  selection  (table  look-up  of  SV 
4.  6.  7.  8) 

(7)  Fphemeris  update  (onco  per  hour) 

(8)  New  satellite  acquisition  search  mode  and 

transition  of  new  SV  into  navigation 

(9)  Partial  CO/NO  GO  self  test 

(10)  Automatic  altitude  hold  mode 

(11)  Stationary  user  mode 

(12)  CDU  output  of  estimated  uncertainty  in  user 

state 

(13)  Radio/DMD  output 

(14)  Degraded  mode  navigation  with  three  or  two  signal 
sources  using  altitude  hold  and  clock  bias  rate  freeie 

(15)  Correction  to  prohibit  ionospheric  correction  for 
ground  transmitters 

(16)  Erponential  filter  smoothing  of  ionospheric 
correction  data 

He  lean  4.  Q  -  18  April  iv/9 

Helease  4  0  software  added  all  remaining  capabilities 
required  to  satisfy  C I D  ADUE -  1 0 1  A  system  specifications 
eicept  for  Bui  lt-in-T#st  (BIT)  Also.  several  system 

enhancements  were  made  the  release  4  0  capabilities  were 
as  foil ows 

(1)  All  Release  3  0  capabilities 

(2)  Full  satellite  s e 1 e c t i on / r ep 1 ac emen t  logic 


(3)  User  poi;tion  smoothing  for  stationary  user 

(4)  Mean  sea  level  altitude  correction  for  all  data 
using  the  Molodensky  coordinate  conversion  technique 

(5)  Improved  system  performance  for  receiver  jamming 
<6>  Complete  CO /NO  CO  self  test 

(7)  Warning  message  display  for  illegal  CDU 

keystrokes 

(8)  Satellite  acquisition  with  old  almanac  data 

(9)  Computation  of  precision  time  using  ephemeris  clock 
correction  parameters 

<10)  Correct  setting  of  measurement  validity  flag  when 
receiver  failure  status  is  set 

(11)  Data  reasonableness  check  of  ionospheric 

correction  LI/ 12  measurement  data 

<12>  Expanded  search  interval  in  lost  signal 

r eac qu l s i t i on  mode 


-  5  June  1979 

Release  5  O  software  added  Built  In-Test  and  a  number 
of  major  system  enhancements  They  are  as  follows 
<1>  All  R  e 1  4  O  capabilities 

(2)  Built-in-Test  (BIT) 

(3)  Almanac  Acquisition  Mode 

•  Selected  by  operator 

•  Acquires  up  to  9  almanacs  from  one  S9 
e  Searches  sky  until  SV  found 

e  Searches  for  SVs  with  IDs  1-9 
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•  Operator  itltc  ti  SVs  or  SVs  automatically  »t  ltctfd 
by  system  based  on  visibility  and  elevation  as 
dtttrixintd  PROM  almanac  data 

•  Whan  system  selects  SVs  it  searches  for  SVs  declared 

non-visible  if  unsuccessful!  in  finding  SVs  declared 
visible 

•  System  automat 1 1 «  1  lg  aquires  SVs  for  normal  navigation 
after  completion  of  the  Almanac  Acquisition  Mode 

(4)  Software  Restart  Mode 

•  Selectable  by  operator 

•  All  previous  C DU  inputs  saved 

e  Re  1  n l t l a  1 t i a t i on  not  required  but  operator  may 
reinitlaliie  any  parameters  if  desired 

(5)  System  invokes  Software  Restart  anytime  normal 
sequencing  is  not  possible  (failure  to  acquire  enough 
SV  s.  loss  of  all  signals  for  four  minutes,  etc  > 

(6)  Operator  input  of  altitude  during  steady  state  operation 

<7)  Display  of  system  status 

•  For  all  acquisition  modes 

•  Every  30  seconds 

•  Displays  number  of  visible  SVs.  number  of  SVs 
acquired,  and  ID  of  SV  that  is  currently  being 
proc  essed 

(0)  Operator  inhibit  of  ionosphere  correction 

<9)  Operator  inhibit  of  all  atmospheric  corrections 
(ionosphere  and  troposphere! 

(10>  Operator  setting  of  RAM  almanac  save  flag 


(11)  CDU  prompting  major  level  5  change* 

•  Changed  from  DHO  to  OP2 

•  Minor  level*  include  ALM  (Almanac  Acquisition  Mode). 
RST  (Restart  Mode).  RAM  (RAM  almanac  save  flag)#  ION 
(ionosphere  correction  flag),  and  ATM  (atmosphere 
correction  flag) 

(12)  Acquisition  activated  by  depressing  FIX  button 

(13)  CO/NO  CO  self  test  mode  modified  to  allow  normal 
system  operation  even  if  test  fails  (Flashing  R 
will  still  be  displayed) 

(14)  Precision  time  calculated  using  ephemeris  data  for 
all  SV  position  and  time  computations 

(15)  Subsequent  SV  acquisition  mode  searches  over  two 
doppler  bins  (previously  one  bin) 

(16)  User  time  updated  from  instant  entered  in  C  DU  b  y 
operator 

(17)  Proper  r e l n 1 1 l a  1  I j a t i on  of  user  velocity  states  and 
the  covariance  matrii  during  warm  start 

(1B>  Increased  accuracy  for  receiver  self  aiding  via  the 
incorporation  of  range  acceleration  term  when 
e 1 1 r ap o 1  a t i ng  previous  measurement 
(19)  Capability  to  enter  standby  mode  from  any  other 
system  mode  eicept  OFF 

R «J test  5  1  -  2  July  1979 

Release  5  1  software  corrected  a  timing  error  in 
Rel  5  0  software  that  caused  an  EIOM  test  failure  when 
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2  3  HARDWARE  OVERVIEW 


2  3  1  HARDWARE  fUNCTIONAl  OVERVIEW 

The  HVUE  hardware  is  functionally  designed  to  perform 
seven  major  tasks  The  tasks  include  the  following 

a)  Satellite  Vehicle  <SV)  Signal  Processing 

b>  Control  Display  Unit  Interfacing 

c)  Radio/DMD  Interfacing 

d)  Built-in-Test  Processing 

e)  Internal  System  Power  Control 

f)  System  Time  Keeping 

g)  HVUE  Instrumentation  Systen  Interfacing 

Under  software  control  the  hardware  is  controlled  in 
such  a  manner  to  acquire  and  decode  the  signals  generated  by 
the  various  SV  ’  s  This  includes  capability  to  acquire  the 
SV  '  s  in  their  appropriate  doppler  bin,  C/A-code.  and 
P-code  fifty-Hr  data  is  also  decoded  to  perform  the 
handover  from  C/A  to  P--code  When  each  SV  is  acquired  in 
P-code  the  hardware  is  util  lied  to  measure  P-code  position 
which  translates  to  a  range  measurement  within  the 
navigation  subsystem  of  software 

Once  the  system  has  determined  position  and  time  for 
user  The  Information  can  be  made  available  in  various 

formats  on  the  Control  Display  Unit  <CDU>  The  CDU  is 
implemented  with  two  rows  of  10  alphanumeric  display  devices 
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to  display  the  various  system  information 


(he  CDU  i s 


rnpon»iv»  to  formatted  from  the  systrm  which 

define  characters  to  be  displayed  as  well  as  the  location  of 
the  characters  within  the  two  rows  The  system  is  also 
responsive  to  messages  from  the  CDU  which  are  initiated 
manually  by  a  user  The  user  may  thus  eiercise  control  over 
the  system  via  the  CDU 

Messages  displayed  on  the  CDU  may  be  transmitted  to 
either  a  radio  (PRC-77  or  PRC-25)  or  a  digital  message 
device  (DMD)  by  means  of  a  frequency  shift  keyed  audio  tone 
with  a  special  data  format  compatible  with  the  DMD 

The  MVUE  system  is  implemented  with  a  Built-in-Test 
function  which  allows  fault  isolation  of  hardware  failures 
The  task  is  accomplished  via  a  hardware  module  dedicated  to 
this  function  The  software  system  invokes  the  module  which 
generates  an  LI  and  L2  pseudo-replica  (not  complete  LI  and 
L2  signals)  Based  on  the  results  when  acquiring  the  two 
signals.  the  system  generates  fault  isolating  information 
for  display  on  the  CDU 

Under  software  control  the  MVUE  system  may  be  set  into 
two  low  power  consuming  modes  refered  to  as  standby,  and  or 
warm  up  The  modes  are  attained  via  the  system  power  supply 
which  inhibits  power  to  those  sections  of  hardware  that  do 
not  require  power  during  these  modes 

During  a  warm-up  mode  (immediately  after  a  cold  start) 
and  standby  mode  the  hardware  maintains  a  clock  which  is  a 
record  of  time  while  in  these  modes  When  turning  on  the 
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system  from  a  cold  »t«rt  the  hjrdwdrr  system  will  determine 
whin  13  66  minutii  have  elapsed  (time  required  to  warm  up 
Matter  Oscillator)  At  the  end  of  this  interval,  all  system 
power  it  enabled,  provided  the  CDU  STANDBY/ON  twitch  is  in 
the  " ON "  mode  If  the  switch  is  in  standby,  the  system  will 
be  maintained  in  warm-up  If  after  having  attained  a  normal 
navigating  mode,  the  user  may  set  the  system  to  the  standby 
mode  to  conserve  battery  life  While  in  this  mode.  the 

hardware  timer  will  maintain  time  to  a  resolution  of  20  ms 
When  the  system  is  subsequently  set  to  the  "ON”  mode.  the 
timer  clock  information  is  loaded  into  the  software  system 
to  aid  in  the  r eac qu  i  s 1 1 1 on  operation 

To  help  monitor  the  system  the  MVUE  system  provides  an 
instrumentation  interface  The  MVUE  Instrumentation  System 
Interface  accepts  virioui  snsloq  test  monitors  to  be 
converted  to  digital  data  A  port  is  included  which  allows 
the  outputting  of  system  scratchpad  memory  information  for 
inspection  and  troubleshooting  The  instrumentation 

interface  is  also  capable  of  functioning  as  a  C DU  by  having 
access  to  the  CDU  interface  An  interface  is  included  to 
intervene  in  Processor  control  via  the  Maintenance  Panel 
Interface  which  allows  a  user  to  monitor  processor 
registers.  perform  breakpoint  operations.  and  other 
processor  oriented  functions 


2  3  2  HARDWARE  PHYSICAL  OVERVIEW 

The  MVUE  h<rdw«rt  is  physically  tubd lvidtd  into  the 
hirdwri  funt>on«l  itcttoni  shown  in  Figure  2  3-1  These 

sections  include  the  following 
Rec e i ver /Proc e s sor  Section 
Control  Display  Unit 

Vehicule  Iristil  1st  ion  Kit  P  r  e  -  Amp  1  i  f  i  er 
MVUE  Antenna 
Battery  Pack 

The  Receiver/Processor  section  is  the  portion  of  the 
system  that  contains  all  essential  hardware  to  acquire  SV 
signals  and  per  form  all  necessary  computations  for  the 
system  As  can  be  seen  in  the  MVUE  Hardware  Functional 
Block  Diagram  (Figure  2  3-1).  the  Rec e i ver /Proc esior  is 
subdivided  into  seven  major  areas  These  include  the  RF 

Pre-Conditioning  Section,  Receiver  Section.  Data  Processing 
Unit.  Eiternal  Input/Output  Module.  Master  Oscillator,  MVUE 
I  ns trumenta 1 1 on  System  Interface  Module,  and  the  MVUE  Power 
Sup  p 1 y 

The  RF  Pre-Conditioning  section  merely  prepares  the  RF 
carriers  from  the  various  antenna  sources  for  input  to  the 
Receiver  section  This  section  establishes  the  Noise  Figure 
<5dB  nominal)  for  the  system  and  amplifies  the  signals  to 
the  appropriate  level  for  proper  Receiver  operation  Some 
filtering  Is  provided  to  limit  interference  from  sources 
outside  the  system  operating  frequency  range 

The  Receiver  section  performs  the  function  of  frequency 
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down  convention  end  signal  decoding  under  the  control  of  the 
Data  Processing  Unit  (DPU)  The  DPU  will  command  the 
Receiver  section  to  generate  L  O  frequencies.  C/A  and  P 
codes.  and.  will  command  the  Receiver  to  assume  various 
required  settings  to  acquire  the  various  SV ' s  The  DPU  can 
also  invoke  the  Bu 1 1 t- I n-T e s t  (BIT)  module  to  generate 
internal  test  signals  for  fault  isolation 

The  Data  Processing  Unit  (DPU)  is  the  computer  which 
drives  the  sgstem  The  operational  software  required  to 
drive  the  sgstem  is  stored  within  this  section  in  the 
Program  flemorg  Modules  (PMM)  while  intermediate  data  is 
stored  in  scratchpad  memorg  (Data  Memorg  Modules)  All 
control  for  the  sgstem  emamates  from  the  DPU  This  control 
is  eiercised  over  the  sgstem  via  the  CRU  structure  which  is 
an  I/O  feature  of  the  resident  computer 

The  External  Input/Output  Modules  ( E I OM )  functions  to 
provide  the  sgstem  with  all  eiternal  interfaces  for  the 
sgstem  These  include  the  Control  Displag  Unit.  MVUE 
Instrumentation  Sgstem  Interface  (direct  handover),  and  the 
Radio  Interface  The  El OM  also  performs  special  internal 
sgstem  functions  These  include  power  supplg  control  while 
in  standbg  or  warm  up  modes,  time  keeping  while  in  standbg 
or  warm  up.  Memorg  Paging  Control.  and  Master  Oscillator 
Clock,  and  Timing  Distribution 

The  Master  Oscillator  merelg  generates  a  10  MHi  clock 
reference  for  the  sgstem  This  frequencg  standard  Is 
distributed  within  the  sgstem  for  various  Receiver  and 
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Proct»»or  function* 


The  MVUE  Instrumentation  System  Interface  Module 
provides  the  user  an  instrumentation  interface  to  monitor 
system  status  and  intervene  in  system  operation 

The  MVUE  Power  Supply  provides  power  to  the  system  via 
continuous  or  switchable  power  busses  when  commanded  to  do 
so  by  the  El OM 

The  Control  Display  Unit  is  the  primary  operator 
interface  for  the  system  The  operator  is  provided  a 

visual  interface  (two  rows  of  10  alphanumeric  LED  displays) 
and  a  three  level  keyboard  to  enter  commands  to  the  system 
The  C DU  is  a  light  weight  handheld  unit  to  allow  ease  of 
operation 

The  Vehicle  Installation  Kit  (VIK)  Pre  Amplifier  is 
functionally  the  same  as  the  RF  Pre-Conditioning  section  of 
the  Receiver  Processor  The  difference  being  that  it  has  a 
different  mechanical  form  factor  to  be  compatible  with  the 
various  vehicles  that  the  MVUE  accomodates 

The  MVUE  Antenna  is  the  signal  reception  element  for 
the  system  which  can  be  mounted  on  either  the 
Receiver/Proceisor  assembly  for  Manpack  operation  or  on  the 
VIK  Pr e- Amp  1 i f i er 

The  Battery  Pack  is  the  source  of  power  for  the  MVUE  in 
the  Manpack  configuration  Via  the  use  of  batteries  a  24VDC 
power  source  is  provided  to  the  system 
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3  0  MVUE  SUBSYSTEM  DESCRIPTIONS 


The  MVUE  f  of  twirt  system  conuiti  of  four  subsystems 
These  are  the  Rtcnvtr  Control  Subsystem.  th*  Matter  Control 
Subsystem.  the  Navigation  subsystem  and  the  Executive 
Subsystem  The  following  sections  contain  functional 
description*  of  these  subsystems 


3  1  RECEIVER  CONTROL  SUBSYSTEM 

3  l  I  Qy try  lew 

The  Receiver  Control  subsystem  (RCSS)  provides 
measurment s  of  pseudo-range  and  range  rate  to  the  Navigation 
subsystem  and  SV  data  to  the  Master  Control  subsystem  It 

provides  control  and  monitoring  of  the  leceiver  hardware 
Data  for  acquisition  aiding  and  precision  time  is  received 
from  the  Navigation  subsystem.  while  the  Master  Control 
subsystem  provides  mode  commands  and  satellite 

identification  data 

The  Receiver  Control  Subsystem  may  be  partitioned 
functionally  into  application  functions  and  sequence  control 
functions  Application  functions  are  those  which  provide 
receiver  oriented  functions  which  are  independent  of  the 
strategy  chosen  for  receiver  sequence  control  Application 
function*  may  be  further  divided  into  receiver  control 
interface  functions.  SV  data  recovery  function*  and 
measurement  processing  functions  The  sequence  control 
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function  implements  the  selected  control  strategy  and  the 
acquisition.  tracking  and  measurement  strategy  implemented 
for  the  HVUE  Figure  3  1-1  illustrates  the  principal 
interfaces  among  the  functional  elements  of  the  Receiver 
Control  subsystem.  other  subsystems  and  the  receiver 


hardware 


Another  partitioning  of  ti«k  t  it  by  whtthvr  invocation 


l*  performed  by  the  mcutiv*  or  by  the  Receiver  Sequence 
Controller  (RSC»  Those  tdsii  which  ere  eiecuted  et  a  rete 
of  other  then  3  mill  tec  ondt  (eicept  R1RSC>  ere  invoked  by 
the  executive  end  ere  referred  to  e  »  "globel”  tasks  These 
i  nc 1 ud  e 

T»t  Plligl.llM 

RIB  SN  1  m * 

R l DDT  10  m* 

R 1  DSC  300  ms 

R1REC  40  ms 

R  IRflO  2  tic 


R  1  RSC 

3  m» 

A  1  1 

other 

t  e  *  k  t  in 

the  RCSS  necutf 

under  control 

o  f 

the  RSC 

end  ere  r*f#red 

to  e*  "locel" 

*  Their  priority 

i  «  3 

mi  1 1 i sec  ond  * 

The*#  tetks 

«»r  e 

responsible 

for 

maintaining  eny  slower  rete  function*  internelly 

The  general  epproech  to  Reciever  Control  is  a*  follow* 

(1)  e  commend  l»  recieved  from  the  Master  Control  «ub*y*tem. 

(2)  elding  i«  received  from  the  Nevigetion  *ub«y«tem,  (3) 
the  sequence  control  function  mep*  the  commend  into  e 
"Sequence  Sp ec i f i c e t i on  Teble".  which  i*  e  ROM  dete  *et 
providing  pointer*  to  tubord initi  dete  let*  which  describe 
the  sequence  of  ection*  the  Receiver  Control  *ub»y*tem  i«  to 
perform  in  the  commended  mode.  <4>  epplicetion  function*,  e* 
commended  by  the  *equence  control  function*.  ecquire  the 
desired  signel  end  provide  ttetu*.  mee«urement  end  SV  dete 


E 


to  the  itqutnt  r  control  function  4k  w«*  1  1  as  the  other 


! 


I 

I 

I 

I 

I 


i 

I 

I 

I 


lubtgttiiM  and  <  3 )  prot asking  continues  for  the  currant  mod* 
until  tnothfr  mod#  command  it  received  from  Master  Control 


3  1  2  AcBlint  ten  fMD4txfl£Ll 

The  following  subparag raph k  describe  the  application 
functions  included  in  the  Receiver  Control  subsystem  For 
additional  descriptions  of  the  tasks  described-  refer  to 
paragraph  5  2 
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Receiver  Control  interface  functions  are  those  which 
provide  control  and  monitoring  of  the  receiver  hardware 
They  are  comprised  of  the  following  computer  program 
components  (CPC's) 


CPC 

FUNCTION 

R  1  CAL 

VC  XQ  Calibration 

RINSE 

Noise  Calibration 

R  IP  IN 

P-Code  Initial iiation 

R  1  RNC 

Rang  i  ng 

R1SCM 

Sequential  Code  Search 

R1SET 

VCXO  Set 

R  1  TRK 

Code  Tracking 

R1RRM 

Range  Rate  Measurement 

R1BSN 

Pit  Sync 

R  1  DDT 

Data  Detect 

l 


<  D I TE  only) 


E 


The  SV  date  ricovirg  functions  provide  validated  SV  ddt«  to 
the  n«st*r  Control  Subsystem  SV  data  is  recovered  big  R1DDT 
and  then  buffered  and  validated  by  R2PCK  R 1  DSC  provides 
timing  and  control  for  R2PCK  and  M2DBPR.  which  performs  the 
data  block  processing  for  master  control  The  CPC's  which 
comprise  the  SV  data  recovery  functions  are  as  follows 


£££ 

EittSLlflN 

R2PCK 

Par i ty  Check 

R  1  DSC 

Data  Sequence  Control 

3  12  3  Htamr  tmgnt  Proem  inq  functions 

Measurement  processing  functions  are  those  which 
validate  and  scale  raw  me a s u r emen t s  of  pseudo  range  and 
range  rate  and  provide  those  measurements  to  the  Navigation 
subsystem  They  are  comprised  of  the  following  CPC's 
£££  FUNCTION 

R1REC  Linear  Regression 

RIRMO  Ranqe  Measurement  Output 

3  i  3  ajt.it ivxl  Staitfut  taatjLfil  FyntUsm 

The  Receiver  Sequence  Controller  (RSC)  performs  the  top 
level  control  function  for  the  RCSS  A  group  of  control 
structures  are  defined  which  are  processed  by  the  modules 
included  in  the  RSC  to  implement  the  control  requirements  of 


the  RCSS 


The  following  *  u  b  p  ar  ag  rap  h  %  dvicnbt  (1)  the 


control  ttructurtt  which  are  defined  for  the  RSC>  (2)  the 
orgamiation  of  control  structure*  to  implement  the  control 
of  receiver  sequence*  for  each  receiver  mode  end  (3)  the 
software  modules  which  process  the  control  structures 
3  13  1  Control  Slr-M-ilwrn 

The  control  structures  defined  for  the  RSC  ere  linked 
together  to  form  "tesk  sgstem  descriptions"  These  describe 
the  sequence  of  operations  and  the  time  dependent  scheduling 
of  events  which  are  required  for  a  particular  reciever 
mode  In  a  sense,  the  RSC  is  a  programmable  entitg.  the 
programming  of  which,  for  each  mode,  is  provided  bg  a  task 
sgstem  description,  which  is  interpreted  at  eiecution  time 
bg  the  RSC 

The  control  structures  implemented  in  the  RSC  are 
described  in  the  following  s ub p a r a g r a p h s  The  mnenomic 

names  indicated  are  associated  with  the  WVUE  implementation 
of  the  RSC  and  are  not  critical  to  the  operation  of  the 
RSC  Control  structures  of  individual  tgpes  have  been 

grouped  into  data  sets  for  ease  of  maintenance.  but  the 
grouping  is  also  not  required  for  RSC  operation 

The  task  sgstem  descriptions  in  graphical  form  are 
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REA001  DATA  REB  ■  1  i  SST  point»r 

DATA  REBiii  SST  pointer 

DATA  REBiii  SST  pointer 

DATA  REBiii  SST  pointer 

Each  entry  point*  to  a  Sequence  Specification  Table  (SST) 

included  in  the  data  set  REB5ST  A  zero  entry  results  in 

the  receiver  being  reset  An  SST  is  a  collection  of 

pointers  to  Service  Request  Tables  (SRT's)  The  SST's  are 

constructed  as  follows 

REBiii  DATA  REC  i  i i  SR T  pointer 
DATA  REC i i i  SR T  pointer 

DATA  REC i i i  SRT  pointer 

DA  TAO  end  of  table  indicator 

An  SST.  then,  lists  the  SRT's  which  are  to  be  processed  by 
the  RSC  for  a  given  mode  In  some  cases  <e  g  First  SV 
Ac  qui s  i  t  ion  mode.  Subsequent  SV  Acquisition  mode  and  Almanac 
Acquisition  mode)  the  same  SST  is  invoked  for  more  than  one 
commanded  mode  (refer  to  the  data  set  REASSP ) 

The  processing  of  the  SST  is  first  initiated  by  R1XCCP 
when  a  mode  command  is  received  from  Master  Control 
Further  processing  of  the  SST  occurs  when  an  SST  processing 
SR 8  is  processed  (c  f  paragraph  3  1  3  1  3  6) 

3  13  12  Stixiit  s.tawtri  UiLti 

The  central  structure  through  which  the  behavior  of  the 
RCSS  is  described  is  the  Service  Request  Table  (SRT)  The 
SRT's  are  implemented  in  the  data  set  RECSRT  RECSRT  is 
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constructed  a*  follow* 

REC i>i  DATA  REDiii  SRH  pointer 

DATA  REDiii  SRB  pointer 

DATA  REDiii  SRB  pointer 

DATA  0  end  of  table  indicator 

An  SRT.  then,  describe*  the  Service  Request  Block*  (SRB'*) 
which  are  to  be  invoked  for  a  particular  receiver  function 
SRT'*  are  u*ed  in  the  construction  of  SST ' *  and  various 
other  control  structure*.  for  eiample.  the  pre-activation 
SRT  pointer  which  mag  be  specified  in  the  task  activation 
SRB  This  require*  that  SRT  processing  be  recursive,  since 

the  processing  of  one  SRT  mag  result  in  the  processing  of 
another  SRT  Recursion  is  supported  to  the  depth  specified 
in  the  data  set  REWCTB 

Certain  function  description*  which  are  used  in 

multiple  sequences  have  been  defined  as  "primitives"  These 
primitive*  have  SR T  '  s  which  mag  be  invoked  in  the  Sequence 
Specification  Tables  of  multiple  modes  as  required 

Eiample*  of  these  functions  include  VCXO  Calibration,  Noise 
calibration,  etc 

31313  Service  Requests 

The  basic  programmable  element  available  to  task  sgstem 
description*  is  the  Service  Request  Block  (SRB)  The 

following  * ub p ar ag r a p h s  describe  the  SRB  '  *  for  which  service 
request  processor*  have  been  provided 
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3  13  13  1  harfltfCLt  ?lg.jLlf  ILi-tLSn  Sir  Y  lit 

The  hirdwtrt  modification  service  is  provided  by  the 


module  R  2  X  HMP 


This  service  allows  the  task  system 


description  to  modify  the  state  of  the  MVUE  receiver  It 

processes  a  service  request  block  of  the  following  format 

RED111  DATA  R2XHMP  points  to  service  request  processor 

DATA  REHi > i  points  to  Modification  Control  Record  (MCR) 

DATA  <address>  points  to  data  to  be  output 

The  hardware  modification  service  request  invokes  the 

MCR  in  order  to  output  the  data  pointed  to  by  the  data 

output  pointer  to  the  hardware  at  a  CRU  address  defined  by 


the  MCR 


The  MCR's  are  small  sections  of  eiecutable  code 


included  in  the  data  set  REHMCR  The  data  output  is 
selected  from  the  ROM  constants  in  the  data  set  RELTRL  or 
from  RAM  variables  as  appropriate  e  g  SV  code  selections 
The  MCR's  are  described  below 

Qw  Lb.u1  "atMlt  LusLkiia  Caairai  'JiLtlQQU 

This  MCR  controls  output  module  timing  One  byte  of  data  is 


output 


Bit  7  (MSB)  controls  switch  H  on  the  output  module. 


selecting  sample  and  hold  input  to  the  A/D  converter  A  one 


selects  sample  and  hold  2  while  a  lero  selects  sample  and 
hold  1  (Refer  to  the  Interface  Control  Document.  Teias 
Instruments  drawing  2008917.  for  a  description  of  switch 
functions  > 

Bit  6  controls  switch  C  on  the  output  module, 
controlling  the  input  to  sample  and  hold  2  A  one  selects 
the  data  multip leier  selection.  while  a  iero  selects  the 
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output  of  integrate  and  dump  2 

Bit  5  controls  switch  F  on  the  output  module, 

controlling  the  input  to  integrate  and  dump  2.  the 
non- i nver t 1 ng  argument  of  the  difference  amplifier,  and  one 
argument  of  the  summing  amplifier  A  one  selects  narrowband 
channel  3  correlation  while  a  lero  selects  narrowband 
channel  2  correlation 

Bit  4  controls  switch  E  on  the  output  module, 

controlling  the  input  to  the  inverted  argument  of  the 

difference  amplifier,  the  second  argument  of  the  summing 
amplifier  and  the  third  input  for  integrate  and  dump  1  A 
one  selects  narrowband  channel  2  correlation  while  a  zero 
selects  narrowband  channel  1  correlation 

Bits  3  and  2  control  the  input  to  integrate  and  dump  1 
a  two  selects  the  output  of  switch  E.  a  one  selects  the 
output  of  the  difference  amplifier  and  a  zero  selects  the 
output  of  the  summing  amplifier 

Bits  1  and  0  control  the  timing  of  the  integrate  and 
dump  and  the  sample  and  hold  circuits  A  two  selects  5 
milliseconds.  a  one  selects  20  milliseconds  and  a  zero 
selects  C/A  epochs  <  Imi 1 1 i sec ond >  The  timing  selected  for 
the  output  module  is  also  used  to  control  the  timing  of  the 
code  generator  advance/retard  clock,  which  is  controlled  in 
the  WVUE  through  the  ElOtl 

CaiLi  fij d tui t-Bi  rtfldw.lt  UwJufli vl  K.ifluttr  Q 

This  fICR  controls  the  code  injection  to  the  narrowband 
modules  Five  bits  of  data  are  output  from  the  bgte  passed 
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to  REH002 


Bit*  4,  3  and  0  (O  being  the  least  significant  bit) 

control  cod#  injection  for  rarrowband  channel  2  A  lero 
select*  C/A  early,  a  one  selects  P  early,  a  two  selects  C/A 
late,  a  three  selects  P  late,  a  four  or  five  selects  C/A 
prompt,  and  a  sii  or  seven  selects  P  prompt 

Bits  2.  1.  and  0  control  code  injection  for  narrowband 

channel  1.  with  the  selection  codes  corresponding  to  those 
for  channel  2 

C_b.iLi  Qah t-Lilar  flcdvit  QuIsmI  jitmlii  1  <  hehqq3> 

This  HCR  controls  code  injection  to  the  narrowband  modules 
Bit  selections  are  the  same  as  for  Register  0  (RLH002)  The 
two  register*  are  alternately  selected  when  code  flop  is 
enab  led 

Narrowband  1  a$_Q  SilJLi.lLan  <JlSHQft4j. 

This  NCR  control*  selection  of  the  ACC  time  constant  for 
narrowband  channel  1  The  least  significant  bit  of  the  byte 
pointed  to  by  the  SRB  is  passed  to  the  hardware,  the  other  7 
bit*  are  ignored  A  lero  in  the  LSB  selects  a  40  millisecond 

ACC  time  constant,  while  a  one  selects  a  1  second  time 

c  on  s  tan t 

Narrowbipfl  2  StI  itlxan 

This  MCR  control*  selection  of  the  ACC  time  constant  for 
narrowband  channel  2  The  least  significant  bit  of  the  byte 
pointed  to  by  the  SRB  is  passed  to  th»>  hardware,  the  other  7 
bits  are  ignored  A  iero  in  the  LSB  selects  a  40  millisecond 

ACC  time  constant,  while  a  one  selects  a  1  second  time 


E 


constant 


Wideband  AG£  ai.it LUan  IfltHggfej 

This  NCR  controls  the  selection  of  the  AGC  time  constant  for 
the  wideband  module  Bits  1  and  0  are  transmitted  to  the 
hardware!  the  other  6  bits  are  ignored  A  one  selects  a  1 
millisecond  ACC  time  constant  while  a  two  selects  a  2  second 

ACC  time  constant  This  NCR  assures  that  at  least  one  time 

constant  control  line  is  always  on  (a  ma k e- b e f or e-b r ea k 
strategy  ) 

t«Li.fer.aSian  BjJ.  Can,  Inal  IBfcMg&ZJ 

This  NCR  controls  the  Costas  loop  tracking  The  least 

significant  bit  of  the  byte  passed  by  the  SRB  is  used.  the 
other  7  are  ignored  A  value  of  one  cause  the  loop  to  be  in 
the  calibrate  mode.  with  the  frequency  synthesiser  being 
controlled  by  the  VCXO  setting  output  by  the  processor  A 
value  of  lero  closes  the  Costas  loop,  using  error  feedback 
from  a  narrowband  module  to  control  the  frequency 

synthesi  xer 

Code  generator  Reset  <  RE.HQQQ  > 

This  NCR  causes  a  code  generator  reset  The  data  pointed  to 
by  the  SRB  is  ignored 

Cal*  Cm  »r  alar  Stir t  irebqor > 

This  NCR  causes  the  code  generator  to  start  The  data 
pointed  to  by  the  SRB  is  ignored 
CZA  taflx  Selection  Laid,  in  a  1&&HCL1Q1 

This  NCR  outputs  the  6  least  significant  bits  of  the  byte 
passed  by  the  SRB  to  the  code  generator  to  select  the  C/A 
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cod*  for  th*  dttirtd  SV 


Ref*r  to  th*  data  set  REFCDE  for 


th*  appropriate  cod*  for  each  SV 
p  C-Slt  Qtpgr^^gr  Rnii  <fehoi  i  ) 

Thi«  MCR  reset*  th*  P  cod*  generator  Th*  data  bgt*  passed 
bg  th*  SRB  l s  ignored 

p  C.adt  St lyt.Ufln  Letdina 

Th 11  MCR  output*  th*  6  least  significant  bit*  of  th*  bgt* 
pointed  to  bg  th*  SRB  to  th*  P  cod*  g*n*rator  to  select  th* 
appropriate  P  cod*  for  th*  desired  SV  Refer  to  th*  data 
set  REFCDE  for  th*  data  to  b*  output  for  each  sv 

3-Siitt  ELva  CflQ.trgi  ISLttflllL 

This  MCR  is  us*d  to  select  th*  state  of  th*  3-stat*  bus 
Th*  least  significant  bit  is  used.  the  other  7  bits  ar* 
ignored  A  valu*  of  i*ro  enables  the  bus.  while  a  on* 
d i sab  1 es  it 

Qwtaut  CaIa  StltiLUan  Control  <REHQ14 ) 

This  MCR  selects  th*  narrowband  channel  from  which  data  is 
to  be  recovered  Bits  1  and  0  are  used.  the  6  most 
significant  bits  are  ignored  A  valu*  of  tero  indicates 
channel  1  while  a  valu*  of  two  indicates  channel  2 
Code  Flop  Control  ( RE.HQ15 ) 

This  MCR  is  used  to  select  the  mod*  of  code  flopping  Bit  0 
<LSB)  is  used.  th*  other  7  bits  are  ignored  A  valu*  of 
i*ro  stops  cod*  flop  and  causes  the  code  generator  to  use 
register  0  to  determine  cod*  outputs  to  th*  narrowband 
module*  A  valu*  of  on*  enables  cod*  flop,  causing  the  cod* 
generator  to  alternate  between  output  registers  0  and  1 
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f.illtn  £  antral  IfitHQife) 

This  MCR  1*  used  to  »*l»ct  the  center  frequency  of  the 
bandpass  filter  in  the  wideband  module  Bit  0  (L5B)  is 
used,  the  other  7  bits  ere  ignored  A  velue  of  zero  selects 
LI  mhi le  e  velue  of  one  selects  L2 

By  lit  In  IxiJL  ^alalt  Sf*.f.t.  (REHQ17  > 

This  MC R  resets  the  Built  In  Test  module  The  dete  pointed 
to  by  the  SRB  is  ignored 

&vil_t  In  Lf.il  Mnialf  Injiatxan  c_an.tr. al  iR£d£lB± 

This  MC R  is  used  to  eneble  one  of  the  two  R F  output  signels 
eveileble  from  the  Built  In  Test  module  The  2  least 

significent  date  bits  ere  used,  the  fc  most  significant  bits 
ere  ignored  A  velue  of  rero  selects  no  signal,  a  velue  of 
one  selects  the  widebend  module  test  siqnal  and  a  value  of 
three  selects  the  narrowband  test  signal  <10Fo)  Note  the 
230  IHi  output  to  the  range  rote  counter  is  enabled  when 
either  of  the  RF  output  signals  is  selected 

ELaill  In  flnaalf  §1al1  <RCH019> 

This  MCR  starts  the  built  in  test  module  The  data  pointed 
to  by  the  SRB  is  ignored 

Q  iAs.fi  kaninal-  I  <  REhq^q  > 

This  MCR  is  used  to  control  the  Q  switch  for  narrowband 

channel  1  The  least  significant  bit  is  used,  the  other  7 
bits  are  ignored  A  value  of  zero  closes  the  0  switch  while 
a  value  of  one  opens  it 

Q  SmjAsA  tinirsi  •  tiAnLttMfcjM  £  (REHQ21  > 

This  MCR  is  used  to  control  the  Q  switch  for  narrowband 


channel  2  T  h  *  least  significant  bit  is  used,  the  other  7 
bits  ignored  A  value  of  zero  closes  the  Q  switch  while  a 
value  of  one  opens  it 

*££.  Control  Selection,  h^r  r  owbanp  l  (REHQ22  > 

This  NCR  controls  whether  the  AGC  control  for  narrowband 
channel  1  is  eiternal  or  internal  The  least  significant 
bit  is  used,  the  other  7  bits  are  ignored  A  value  of  zero 
selects  eiternal  while  a  value  of  one  selects  internal 
AGC  Control  Selection.  Narrowband  2  ( RE.HQ23 ) 

This  NCR  controls  whether  the  AGC  control  for  narrowband 
channel  2  is  eiternal  or  internal  The  least  significant 

bit  is  used,  the  other  7  bits  are  ignored  A  value  of  zero 
selects  eiternal  while  a  value  of  one  selects  internal 
I  Cadt  Sitl» ll-l-gn  tan.Lr_al  <  REHQ24  ) 

This  MC R  controls  the  T  code  The  least  significant  bit  is 
used.  the  other  7  bits  are  ignored  A  value  of  zero 

disables  T  code  while  a  value  cf  one  enables  it 
TRANSEC  Selection  Control  ( REH025  > 

This  HCR  controls  the  selection  of  TRANSEC  The  least 

significant  bit  is  used  the  other  7  bits  are  ignored  A 
value  of  zero  de-selects  TRANSEC  while  a  value  of  one 
selects  it 

Hiaai  Cflwntfr  IiuLiii  SejjtilxQ.n  < REMMfel 

This  NCR  selects  the  input  signal  to  the  range  rate 

counter  The  least  significant  bit  is  used.  the  other  7 
bits  ere  ignored  A  value  of  zero  selects  the  230  kHz 


signal  fro*  the  BITE  module,  while  a  value  of  one  selects 


the  230  kHi  signal  from  the  frequency  ignthmitr 


T  h  *  BITE 


modult  signal  i«  used  for  R1RRM.  while  the  frequency 
igttni ti ttr  signal  is  used  at  ail  other  times 

Wi debang  Attenuator  Central  iRLMQiZJ 

This  MC R  controls  the  selection  of  the  wideband  attenuator 
The  least  significant  bit  is  used,  the  other  7  bits  are 
ignored  A  value  of  lero  selects  0  dll  attenuation  while  a 
value  of  one  selects  20  dll  attenuation 

Frtflmncy  Snnl!'.mnf  LI/ 1*  LantLai  LRE±!££9J. 

This  MCR  controls  the  basic  frequency  of  the  frequency 
synthesiier  The  least  significant  bit  is  used,  the  other  7 
bits  are  ignored  A  value  of  irro  selects  LI  while  a  value 
o  f  one  selects  L2 

Li.  C-2-Sl  t  S*  Italian  LR£HC2V  2 


This  MLR  controls  the  *1  code  The  least  significant  is 
used,  the  other  7  bits  are  ignored  A  value  of  one  selects 
XI  code  while  a  value  of  one  deselects  XI 


Iftii  SasjlL*  Ajid  Hfill  Lir wi *  •  HtMQJQ > 

This  MCR  resets  the  sample  and  hold  circuits  in  the  output 
module  The  data  pointed  to  by  the  SRB  is  ignored 


3  1  3  1  3  2  5Af AMir.r  Hodif  mngr  Sn.YA.ki 

The  software  modification  service  is  provided  by 
R2XSMP  It  allows  the  task  system  description  to  transmit 
data  from  one  location  in  memory  to  another.  as  well  as 
permitting  the  calling  of  subroutines  for  those  cases  which 


require  more  complei  or  faster  processing 


The  service 


rt  nutit  block  and  the  «noc  I«t*d  tablet  for  software 

modification  have  the  following  format 

REDiii  DATA  R2XSMP  PPT  gPT 

DATA  RE  I  i  1  i - >DATA  RLJi  i  i - — >DATA  Source  Addr 

DATA  REHiii -  DATA  REJiii  DATA  Dett  Addr 

e 

DATA  0 

'  EVP 

' --  -  >DA T  A  R2i ■ i  i 
Da ta  r*  1 1 1 1 

DATA  0 

The  software  modification  SR B  points  to  two  tables  (either 
pointer  mag  be  null)  The  first  table  is  the  pair  pointer 
table  (PPT)  It  provides  a  list  of  pointers  to  transmission 

specification  pair  ( SP T )  pointer  tables  Those  tables.  in 

turn,  provide  source  and  destination  addresses  The  second 
table  is  the  entry  vector  pointer  (E  VP  >  table  It  provides 
a  list  of  entry  points  of  subroutines  which  are  to  be 
invoked  as  a  part  of  the  software  modification  request 
Note  that  the  PPT  and  the  EVP  tables  are  of  variable  length 
and  are  terminated  by  a  null  pointer 

3  13  13  3  T«ik  Att  i  ion  Sfyitt 

The  task  activation  service  is  provided  by  R2*SAS  It 

allows  a  task  system  description  to  activate  tasks  which  are 

either  controller  local  or  MVUE  global  tasks  The  Service 
Request  Block  (SRB>  and  the  associated  table  for  task 
activation  have  the  following  format 
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RED i ■ ■  DATA  R2XSAS  AC B 

DATA  RECiii - >DATA  REC  i  ■  i  pr»-«ct  SRT  pointer 

DATA  RENm  TAR  pointer 

DATA  REC ■  1 1  po*t-act  SRT  pointer 


The  ta»k  k  tuition  SRB  point*  to  an  Activation  Control 
Block  (ACB>  The  f irit  entry  in  the  ACB  1*  a  pointer  to  a 
prt-activation  Service  Rtquttt  Table  (SRT)  which  provide*  a 
ll*t  of  pointer*  to  SRB*  which  jrv  to  be  invoked  prior  to 
the  activation  of  the  tail  The  neit  entry  1*  a  pointer  to 
a  Ta*k  Attribute  Record  (TAR)  Refer  to  paragraph 

3  13  14  1  for  a  ditcumon  of  TAR'S  The  final  entry 
point*  to  a  po*t-ter«ination  SRT.  which  identifie*  *ervice* 
to  be  invoked  after  the  ta«k  terminate*  The  pre  activation 
and  p o » t - t e r m i na t l on  SRT  pointer*  may  be  null.  in  which  catl 
no  action  t«  taken 

3  13  13  4  TjlH  CjirA-ll  ljli  Lfiil  Sudoai 

The  ta*k  cancellation  *ervice  i*  provided  by  R2XSCS 
It  allow*  a  ta»k  «y«tem  deur  ipt  ion  to  c  anr  e  1  talk*  which 
are  either  controller  local  or  HVUE  global  talk*  The 
Service  R*qu»tt  Block  (SRB)  for  talk  cancellation  ha*  the 
f O 1  lowing  format 

SRB 

RED • • i  DATA  R2XSCS 

DATA  RENiti  TAR  pointer 

The  ta«k  cancellation  SRB  point*  to  an  Ta«k  Attribute  Record 
(TAR)  Refer  to  paragraph  313141  for  a  di*cu**ion  of 

TAR'S  If  the  tpecified  ta«k  it  not  active.  no  action  i* 


313135  Iiai  Dependent  Event  Scheduling  Service 

Th»  time  dependent  ivtnt  ichtdul  mg  itrvici  it  provided 
bg  R2XTES  It  allows  a  task  sgstem  dtvcription  to  request 

the  processing  of  a  Service  Request  Table  at  some  future 
time  with  respect  to  the  clock  of  the  RSC  The  processing 
meg  either  be  scheduled  to  be  sgnchroniied  with  some  event 
cgcle  (in  5  millisecond  units)  or  to  occur  once  et  some  time 
(in  5  millisecond  units)  from  the  current  time  The  SRB  end 
the  essocieted  teble  heve  the  following  format 
SRB 

RED ■ i ■  DATA  R2XTES 

DATA  REHSCB - >DA T A  Ovent  cgcle  time> 

DATA  <of f set  in  5  ms  units) 

DATA  REC i i i  SRT  pointer 

The  time  dependent  event  scheduling  SRB  points  to  e 
Scheduling  Control  Block  <5CB>  which  conteins  three 
peremeters  The  first  perimeter  i%  the  length  of  the  event 

cgcle  (in  5  millisecond  units)  with  which  scheduling  is  to 
be  sgnchroniied  If  the  event  is  non-period  ic>  the  contents 
of  this  word  is  0  The  second  parameter  is  an  offset  in 
units  of  5  milliseconds  which  is  to  be  applied  to  the 
computed  event  time.  allowing  the  relocation  of  an  event 
with  respect  to  its  period  The  last  word  points  to  an  SRT 
which  is  to  be  invoked  at  the  calculated  event  time  The 
SRT  describes  the  event  in  terms  of  service  requests 

The  event  times  are  calculated  from  the  SCB  data  as 


foil  out 


(  1  )  Cyclic  tv«nt» 

T*  ■  ( L 1  (  (  Tc  -K ) /C  )  ♦  1  )  eC-*H  Mthcra  H<C  end  CCclock  modulo 
(2>  Non-eye  1 ic  Event* 

Te  ■  Tc*K  where  H>0 

Btf  HU  lUlQi 

C  ■  Cycle  period  in  5  m»  unit* 

H  ■  Off*et  in  5  m*  unit* 

Tc  ■  Current  tieie  in  5  m*  unit* 

Te  "  Event  time  in  5  m*  unit* 

LI  “  Leatt  integer  function  ie  %mall**t  integer  <•  argument 

3  13  13  6  Slfluitui  ILtJLlAn  LtfeJLf  PlJM.f HAP.fl.  Strvm 

The  Sequence  Sp  ec  1  f  l  c  «  t  l  on  Table  <SRT>  proceuing 
*erv»ce  l*  provided  by  R2XSSP  It  allow*  a  ta*k  «y«tem 

d**cription  to  initiate  proce*ting  of  the  n*it  entry  in  the 
SS  T  Refer  to  paragraph  3  1  3  1  1  for  a  di*cu««ion  of 

SST ' *  The  SRB  ha*  the  following  format 

5fiB 

RED i i i  DATA  R2XSSP 

The  SST  proce*«ing  tervice  i»  typically  invoked  a*  part  of  a 
po*t  termination  SRT  for  a  talk  which  require*  that  It 
complete  before  procetting  continue* 

3  I  3  1  3  7  QiLUAiiaP  S.tr.Y  ill 

The  no  operation  *ervic*  it  provided  by  R2XNOP  It 
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4  task  tgittm  description  to  issue  a  service  request 


which  result  in  no  action  being  taken  It  serves  diagnostic 
purposes  and  is  not  used  in  the  final  software  The  SRB  has 
the  following  format 

SRB 

RED* *  *  DATA  RJXNOP 


The  post  termination  cancelling  service  is  provided  bg 
R2XCPP  It  allows  a  task  sgstem  description  to  cancel  the 
post  termination  processing  for  a  task  which  was  started  bg 
an  earlier  task  activation  service  request  The  Service 
Request  Block  (SRB)  for  post  termination  processing 
cancellation  has  the  following  format 


SRJ. 

RED* . .  DATA  R2XCPP 

DATA  REN***  TAR  pointer 


The  task  cancellation  SRB  points  to  a  Task  Attribute  Record 
(TAR)  Refer  to  paragraph  313141  for  a  discussion  of 
TAR'S  This  service  is  tgpicallg  used  after  a  task 
terminates  abnormallg  and  processing  of  the  p o s t - t e r m i na t i on 
Service  Request  Table  is  not  appropriate 


313139  X3£FRA  Calling  Service 

The  X3ERRA  calling  service  is  provided  bg  R2XERR  It 
allows  a  task  sgstem  description  to  invoke  the  eiecutive 
error  reporting  routine  The  Service  Request  Block  (SRB> 


for  X3ERRA  calling  hat  th»  following  format 


1 


SRB 

RED iii  DATA  R2XERR 

BYTE  <*rror  code> 

BYTE  <irgu««nt  count‘d 
DATA  <data  address  > 

DA  TA  < d  a  t  a  address > 
DATA  <data  a  d  d  r  e  *  *  > 
DATA  <d«ta  addrtti) 

DA  TA  (data  addrt it> 
DATA  (data  acdrtt i > 

DA  TA  (data  addr* it> 


•  op  t 1 ona 1 • 
•optional* 
•optional* 

•  op  t i ona 1 • 
•optional* 
•optional* 
•optional* 


The  X3ERRA  calling  SRB  point*  to  argument*  which  are  then 
patwd  to  X3ERRA  to  report  a  procettor  error  to  the 


eiecutive  The  occurrence  of  thi*  urvicf  request  indicate* 


an  error  condition  which  cannot  be  handled  by  the  RCSS 


3  13  14  l«iA  Siivt.VyjML 

Each  talk  which  i*  controlled  by  the  R5C  it  described 
in  the  tail  *y*tem  description*  through  several  (true  turn 
The  following  « u b p ar a g r ap h s  describe  those  structures 


313141  Tj|k  Attr ibvtf  Record* 

The  Task  Attribute  Record  < T AR )  is  used  to  describe  the 
fundamental  attributes  of  all  tasks  controlled  by  the  RSC 
More  than  one  TAR  may  be  provided  for  a  particular  task, 
since  different  invokation*  of  a  task  may  require  different 
attribute*.  e  g  .  c ommun i c a t i on  structures  TAR's  are 
implemented  in  the  ROM  data  set  RENTAR  They  are  structured 
a*  foil oms 
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RENiit  DATA  <c  ommun  1  c  a  t  i  on  control  block  «i  d  d  r  t*  t  •»  > 

DATA  <entry  vector  addrets> 

DATA  Cttatut  block  «ddrrtt>  (REXiii) 

DATA  <tatk  it  tr 1 but»> 

The  ♦  ir»t  entry  in  the  TAR  it  a  pointer  to  a 
Communication  Control  Block  (CCB)  If  the  tatk  it  non-local 
or  if  no  co  mm  unication  ttructure  it  required  for  the  tatk. 
th it  entry  it  tero 

The  tecond  entry  pointt  to  the  tatk  't  entry  vector  If 
the  tatk  it  non-local,  thit  entry  it  tero 

The  third  entry  it  a  pointer  to  a  itatut  block  for  the 
tatk  It  it  provided  for  both  local  and  global  tatkt 

The  litt  entry  it  tero  for  local  tatkt.  but  for  global 
tatkt  pointt  to  the  tatk  through  the  executive  The  entry 
will  be  the  mnemonic  name  of  the  tatk  with  the  R1  replaced 
by  RO.  in  order  to  provide  proper  communication  with  the 
eiecutive  tubtyttem 

3  13  14?  fcA1»V0Al<Ltjjgn  Strmturtf 

Thit  facility  it  provided  to  allow  local  tatkt  to 
communicate  with  the  RSC  in  order  to  indicate  actiont  which 
are  to  be  taken  upon  their  termination  or  any  other  that 
they  require  communication  tervicet  or  need  ttatut  mettaget 
to  be  trantmitted  to  the  flatter  Control  Subtyttem  A  tatk 
imtiatet  the  communication  with  a  call  to  R3C0MH  Three 
ttructuret  are  provided  in  the  tatk  ,iyttem  detcriptioni  to 
tupport  the  c ommun i c a t i on  The  firtt  it  the  Communication 
Control  Block  (CCB>  CCB't  are  provided  in  the  ROM  data  let 
REPCCB  for  application!  which  require  multiple  CCB't  in 


the  tame  communication  itructur#,  the  software  modification 
itrvict  i*  u % • d  to  mov«  the  CCB  to  the  RAH  data  srt  RETSCM, 
which  it  than  pointed  to  bg  that  task's  TAR  CCB's  haw  th» 
following  format 

REPiii  DATA  <attiagt  addrttt> 

DATA  <null  nittagi  addrrtt  in  MLT> 

The  firtt  antrg  in  the  CCB  l*  a  pointer  to  the  menage 
word  which  tha  talk  will  uta  whan  it  comnunicatei  Thit 

addratt  it  that  of  tha  variable  RCEMOD  for  mott  tatkt  but 
alto  takai  on  other  values 

Tha  tacond  antrg  points  to  tha  null  antrg  in  a  Message 
Control  Linkaga  Tabla  <  ML  T  ) 

Tha  MET  provides  a  list  of  addresses  of  Massage  Control 

Blocks  (MCB't)  Each  MCB  describes  tha  action  which  tha 

control ler  should  take  for  a  particular  value  of  the  mattaga 

word  Tha  MCB  which  is  selected  is  determined  bg  using  tha 

address  of  tha  null  antrg  as  a  base  address  and  tha  massage 

code  times  2  as  a  relative  offset  ML T ' s  are  implemented  in 

the  ROM  data  sat  RERMLT  Theg  have  the  following  format 

DATA  RESiii  CMCB  for  massage  value  -n> 

DATA  RESiii  CMCB  for  massage  value  -<n-l)> 

RER111  DATA  RESiii  <MCB  for  message  value  0> 

DATA  RESiii  <MCB  for  massage  value  m-l> 

DATA  RESiii  CMC B  for  message  value  m> 

Tha  MCB't  spacifg  tha  action  to  be  taken  bg  tha 
controller  whan  the  task  initiates  a  communication  MCB't 
are  implemented  in  tha  ROM  data  sat  RESMCO  MCB't  have  tha 


following  format 


RESiii  DATA  <HCSS  status  message> 

DATA  <SRT  adtfrtii) 

DATA  <t*rnination  c  odt> 

The  first  entry  in  the  HCB  is  the  valut  which  is  to  be 
paittd  to  tha  Master  Control  Subsystem  Tha  valua  is 
transfarrad  through  tha  data  sat  REYRST  to  R1XCCP.  which 
passes  it  on  to  Master  Control  If  no  valua  is  to  ba 

transmitted.  this  entry  is  laro 

Tha  sacond  entry  points  to  an  SRT  which  is  to  ba 
invokad  as  a  rasult  of  thi»  communication  If  no  sarvicas 

ara  required.  this  entry  is  laro 

Tha  third  entry  contains  a  tarmination  coda  for  tha 
communication  A  valua  of  0  causes  the  process  waiting 
service  to  ba  invokad  while  a  valua  of  -1  causes  the  process 
stopping  service  to  ba  invokad  Thus  a  call  to  R3C0MM  in  a 
task  with  a  0  in  this  entry  is  equivalent  to  a  call  to 
RJWAIT.  while  a  -  in  this  entry  would  ba  equivalent  to  a 
call  to  R3ST0P 

Since  global  tasks  may  not  call  R3C0MM  (they  must  use 
the  executive's  waiting  and  stopping  services)  special 
provisions  must  be  made  for  communication  with  the  RSC 
This  communication  is  implemented  with  an  Interface  Task 
Monitor  which  is  tha  local  task  R1XITM  It  ts  activated 
with  a  c ommun i c at i on  structure  appropriate  to  tha  global 
task  for  which  communication  is  desired  R 1 X  I  TM  than  simply 
invokes  R3C0MH  every  3  milliseconds  so  that  any  value  placed 
in  tha  tasks  massage  word  will  cause  tha  RSC  to  taka 


required  action  Not*  that  for  this  cas*  the 
wa i t 1 ng / • t op p i ng  if ltction  affects  R1XITM  and  not  th*  task 
which  is  bting  monitorvd  If  it  is  necessary  to  stop  a  task 
which  is  being  monitorvd.  th*  SRT  which  is  part  of  th* 
communication  structur*  mag  include  a  task  cancelling  SRB 


3  13  14  3  SiAiyj.  air-M&t-im* 

For  each  task  controlled  bg  th*  RSC.  a  Task  Status 
Table  < TST )  is  allocated  The  TST  entries  are  defined  in 
th*  RAM  data  s*t  REXTST  and  are  pointed  to  in  th*  task  's 
TAR  Th*  format  of  th*  TST'S  are  as  follows 

REX iii  BSS  2 
BSS  2 


The  first  *ntrg  in  th*  TST  contains  th*  ac 
status.  O  for  not  activ*  and  non  i*ro  for  activ* 
task  is  local  th*  first  word  for  an  active  tasks 
th*  address  of  the  Task  Descriptor  Block  <TDB> 

Th*  second  *ntrg  contains  the  activity  status, 
th*  task  is  waiting  to  be  readied  and  non-iero  if 
l s  r unn i ng 


t 1  vat l on 
If  th* 
contains 

i*ro  if 
t h *  task 


3  13  14  4  Pm  n  #31  it  T  i,l  \  C.ar  \  r  B  l  Structures 

M*morg  for  dgnamic  task  control  structures  (task 
descriptor  blocks.  time  event  blocks  and  task  status 
updates)  is  allocated  in  th*  RAM  data  set  REUQLS  Th* 
amount  of  memory  allocated  is  determined  bg  assembly  time 
constants  contained  in  th*  data  set  REWCTO  Initialnation 
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of  thi*  ttortgt  the  t*sk  status  Ublt  described  above  is 

provided  big  R2XSIP.  which  uses  perimeters  from  the  date  set 

REETCP  to  identify  are«s  of  memorg  to  be  cleared  or  linked 

Task  Descriptor  Blocks  have  the  following  format 

< successor  TDB  address> 

(predecessor  TDD  address> 

<TDB  status) 

<WP> 

<PC> 

<ST> 

<TAR  address) 

(post-termination  SRT  address) 

The  first  and  second  entries  in  the  TDB  serve  to  link 

together  TDB  '  s  for  active  tasks  The  entries  are  zeroed 

when  successor  or  predecessor  tasks  do  not  eiist  The  third 

entrg  ino  nates  whether  the  task  is  running  <»1)  or 

suspended  (=0)  The  fourth.  fifth  and  tilth  entries 

describe  the  state  vector  of  the  task  when  it  last  gielded 

control  of  the  processor  The  seventh  entrg  points  to  the 

Task  Attribute  Record  The  eighth  entrg  points  to  the 

post-termination  SRT.  if  ang 

Time  Event  Blocks  have  the  following  format 

(succissor  linkage) 

(event  time> 

(event  SRT  pointer) 

The  first  entrg  serves  to  link  together  time  event 
blocks  into  a  time  event  queue  R2XTES  calculates  the  time 
at  which  a  scheduled  event  is  to  occur  and  links  it  into  one 
of  two  time  event  queues  If  the  calculated  time  is  less 
than  the  local  clock  modulo  (24000  five  millisecond 

periods),  the  event  is  sorted  into  a  pre-rollover  queue  If 
the  calculated  time  is  greater  than  the  local  clock  modulo. 
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it  it  sorted  into  a  poit  -rollover  qutut 


Wh»n  the  local 


clock*  ticttdi  the  local  clock  modulo  (roll*  over),  t  h • 
art  swapped  The  tuna  event  protutor,  R2XTCP,  tcant 
the  tin*  want  queue  a*ch  5  nu  1  1  i  sac  ondt  to  datarmlna 
wktthfr  it  it  tin*  to  process  any  avants  If  to.  the 
ratpactiva  SR  T  pomtar  it  processed 

3  13  2  SllUtOtt  CiAiUHLLiaOi 

A  racaivar  sequence  it  initiated  whan  a  command  it 
received  from  the  Matter  Control  subsystem  The  mode 

command  cautat  the  RSC  to  initiate  processing  of  a  Sequence 
Sp ac 1 f l c a t l on  Table  The  following  subparagraphs  describe 

the  taquancat  which  ate  eiecuted  by  the  RSC  in  retponte  to 
vari out  mode  commands 

3  13  2  1  Pint  SY  Acquit  j  t  i  pn  SmVJtPXf  ‘MjELil  2.1 

The  first  SV  acquisition  sequence  is  commanded  by 
Master  Control  when  precision  time  (relative  time  offset 
between  CPS  and  User  times)  is  not  available  It  consist* 
of  the  following  steps 

<l)  A  mode  2  command  is  received  from  Master  Control 

(2)  RIXCCP  copies  aiding  data  and  initiates  the  processing 
of  the  sequence  specification  table  REBOOS 

(3)  The  LI  frequency  it  selected 

(4>  RlCAl.  it  eiecuted  using  the  R1CAL  primitive.  REC060 
This  generate*  a  linear  ap p r o ■ i ma t i on  for  the  frequency  vt 
Voltage  characteristic  of  the  VCXO 
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(5)  R1SET  it  ntcuttd  using  the  primitive  REC064  This 
primitive  causes  the  search  parameter  manager,  R2XSPM,  to  be 
eiecuted  in  order  to  provide  range  rate  aiding  for  use  bg 
R1SET  and  search  parameters  for  R1SCH 

(6)  The  C/A  code  generator  is  started  using  a 

non-correlating  C/A  code  < SV  "38") 

(7)  RINSE  is  eiecuted  using  the  primitive  REC06Q  This 
establishes  an  estimate  of  the  noise  level  in  the 
env l r onmen  t 

(8)  R1SCH  is  eiecuted  using  the  R1SCH  primitive,  REC074 

R1SCH  uses  th*  search  parameters  set  bg  R2XSPM#  which  was 
eiecuted  bg  the  R1SET  primitive  Those  parameters  specifg  a 
full  (1023  chip)  C/A  search  in  steps  of  16/17th's  of  a  C/A 
chip  R1SCH  moves  the  local  code  vs  the  satellite  code 

until  correlation  is  detected  (1  35  times  the  noise 

estimate)  If  correlation  is  not  detected.  R2XSPN  and  R1SET 
are  invoked  again  to  initiate  another  full  C/A  search  with 
Doppler  offset  of  -20  meters  per  second  from  the  aided 
value  A  second  search  failure  causes  another  full  C/A 

search  with  a  doppler  offset  of  *20  m/s  Subsequent 

failures  cause  alternate  Doppler  bins  to  be  selected  until 
correlat  ion  is  detected  or  a  search  timeout  is  declared  bg 
Master  Control  and  another  command  is  issued  to  the  RCSS 

(9)  R1TRK  is  activated  using  the  primitive  REC079.  with  FLL 
second  order  selected 

(10)  R1BSN  is  activated  using  the  primitive  REC084  RlBSN 
resolves  the  ambiguitg  as  to  the  C/A  epoch  which  coincides 


with  the  d  a  t  a  bit  trirmtion.  i  •  i  order  to  be  able  to  recover 


d  a ta 

<ll)  0«t<i  Recovery  it  initiated  using  the  primitive  REC103 
After  the  barker  cede  it  found  by  R1DDT,  R2PCK  validates  the 
barker  code  by  (1)  checking  parity  of  the  following  data 
word  and  (?)  checking  that  the  icount  recovered  in  the 
handover  word  matches  the  time  entered  by  the  operator 
within  4  minutes  R2PCK  then  passes  data  words  and  word 

identification  to  Master  Control 

(12)  Handover  word  data  is  passed  to  Master  Control  using 
the  SR  T  REC 104 

(13)  Master  Control  commands  an  FTE  resync  to  cause  the 
local  FTF  to  correspond  with  CPS  time 

(14)  Master  Control  commands  handover  to  code,  by  issuing 

a  mode  10  command,  which  causes  the  RCS5  to  process  the 

Sequence  Specification  Table  Rf B006 

(15)  R1DDT  is  commanded  to  save  data  for  handover 

(16)  R1RNC  is  activated  in  order  to  provide  range 
measur  ement  s 

(17)  RIP  IN  is  activated  using  the  primitive  REC094  RIP  IN 

lnitialites  the  P  code  to  a  state  to  correspond  to  the  data 
in  the  handover  word  received  from  t h e  SV 

(18  Handover  is  enabled  by  the  5R T  REC036 

(19)  Handover  is  commanded  by  R1TRK  at  the  start  of  a  TLM 

word  in  order  to  mimmite  the  useful  data  lost  in  the 

transition  between  codes 

(20)  The  receiver  continues  to  recover  data.  eietute  range 
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m»«*ur»m#nt»  end  perform  P  code  tracking  until  another 


I 

I 


I 

I 

I 

I 


command  is  received  from  Matter  Control 

□  1  3  2  2  Sttfruflutp.t  fttaunitian  SnaiPi;  < flail  11 

A  lubiequent  SV  acquisition  it  commanded  bg  Matter 
Control  for  initial  C/A  acquitition  after  the  handover  word 
hat  been  acquired  using  a  First  SV  Acquitition  tequence 
(Mode  2)  The  tame  Sequence  Specification  Tablet  (REB003 

and  REB0061  are  uted  at  for  F irtt  SV  Acquisition.  with  the 
differences  being  coded  into  the  RCSS  task*  Subsequent  SV 
Acquisition  it  initiated  bg  a  mode  3  command  from  the  Matter 
Control  Subsgstem  The  differences  between  first  and 

subsequent  SV  acquisition  are  at  follows 

(1)  The  command  to  handover  it  issued  bg  R1XCCP  instead  of 
MCSS 

<2)  The  validation  of  the  barker  code  bg  R2PCK  uses  the 
local  PTE  to  compare  against  the  received  i-tount  instead  of 
user  input  time  since  the  local  FTF  has  been  sgnchroniied 
with  respect  to  OPS  time  during  a  Mode  2  acquisition 


3  13  2  3  C /4  Rietaulii tian  StautPi e  <  Mode  4  > 

C/A  r eac qu i s i t i on  is  commanded  bg  MCSS  after  the  SV ' s 
have  been  lmtiallg  acquired  and  their  ephemerit  data  has 
been  recovered  It  is  used  to  acquire  in  C/A  code  using  a 
short  C/A  code  peak  search  and  obtain  range  and  range 
measurements,  as  a  preliminerg  to  p  r eac qu i s 1 1 1  on  It  is  a 
"sequencing*  mode  in  that  the  entire  sequence  eiecutes 


C 


within  2  itcondi  The  C/A  ntcqumtion  sequence  is 
imtiitft  by  a  nodt  4  command  from  HCSS  The  following 
steps  make  up  the  sequence 
(1>  Tha  LI  frequency  is  selected 

<2>  R2XSPM  and  RlSET  ara  aiacutad  uting  the  primitive 
REC064  No  offset  is  applied  to  the  range  rata  aiding 
received  from  Nav 


<□>  RIP  IN  is  aiacutad  with  the  REC094  primitive  This  irtt 
tha  C/A  coda  to  the  code  phase  lalculated  from  tha  aiding 
and  precision  time  information  provided  by  nav 


( 4 )  R 1 TRK 

is  activaUd 

uiing 

the 

primitive 

REC079  R1TRK 

eiecutes 

a  code  peak 

vfirc h , 

the 

length  of 

which  is  defined 

by  R 2 X SP H  ( 20  itepi  of  1  6  /  l  7 1  h  '  s  of  a  C/A  chip  each)  THE 
coda  it  than  positioned  at  the  code  phase  where  maiimum 
correlation  was  detected  R1TRK  than  performs  a  Coarse 
centering  operation  and  transitions  to  a  steady  state 
tracking  mode 

(5)  R1RNC  is  scheduled  using  the  primitive  REC113  Tha 
actual  range  measurement  takes  place  near  tha  and  of  tha  2 
second  interval  during  which  this  mode  is  active 

(5>  R1REC  accumulates  discriminator  data  from  R  1  TRK  for  use 
in  tha  nait  2  seconds  by  RIRHO  for  it's  vernier  range 
C  omputat i on 

(6)  During  the  2  second  interval,  if  a  range  measurement  was 
taken  during  the  previous  2  seconds.  it  is  processed, 
validated  and  made  available  to  Nav  by  R1RI40 
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3  i  3  2  4  p  Rtiimi  uti  op  iiififiinfii  <M«di  S_> 

The  P  Rticqumtion  Sequence  It  the  nonwl  r«nge 
*e<iure*ent  sequence  during  the  tteadg  ttete  operation  of 
the  F1VUE  The  tequenct  II  the  tame  at  for  mode  4  (C/A 
Re«c qu 1 1 1 1 1 on  )  eicept  that  P  code  it  telected  end  the  code 
peek  teerch  length  it  18  ttept  of  16/17th't  of  e  chip  ui th 
nev  tiding  end  22  ttept  with  telf  eiding  'mode  4  utet  e 
conttent  20  ttep  teerch) 

3  1  3  2  3  P  Rticaviuliun  Stflu*nct-L2  <Mfi.il  6J. 

The  P  Reec  quitition  Sequent  e-l?  it  commended  in  order 
to  ebtein  e  renge  meeturement  et  L 2  which  it  uted  bg  the 
Navigation  tubtgttem  to  celcuiete  lonotpheric  deleg  The 
tequence  it  the  teme  et  for  mode  5  (P  r e e c qu i t l t l on  )  eicept 
thet  L2  it  telected  end  the  R1PMG  ttoret  meeturement  dete  in 
the  dete  tet  UNIONS  intteed  of  RNMtAS 

□  13  2&  iphtotr  i  %  Uai&h  iiav-taii  <  m  aAi  zi 

The  Ephemerit  Updete  Sequence  it  commended  in  order  to 
recover  e  tubfremet  worth  of  dete  during  tteedg  ttete 
operation  of  the  MVUE  The  ecquitition  tequence  it  the  tame 
at  for  mode  5  (P  r eac qu i t i t i on )  The  difference  it  that 
data  recoverg  it  initiated  after  the  tignal  it  acquired 
The  timing  of  the  command  it  tuch  that  the  tequence  begint  2 
tecondt  before  the  ttart  of  the  tubframe  from  which  data  It 
to  be  recovered  Data  it  recovered  for  the  tubframe  (6 
tecondt)  and  then  another  commend  it  received  from  Matter 
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Control  T  h  *  timing  r *  1 a t l on  % h  i  p t  a re  tttab I  ithtd  by  Hasttr 

Control  and  art  traniparrnt  to  HCSS 


3  1  3  2  7  Sy  ^ignition  Stoutnii  (Mod*  QJL 

T  h  •  new  SV  acquisition  sequence  .s  uwd  to  acquire  SV  '  s 
during  steady  state  using  a  sequential  P  cod*  starch  It  is 
used  btcauit  th*  rang*  to  th*  SV  is  not  known  with 
sufficient  accuracy  to  acquir*  with  mod*  4  or  mod*  3  Th*  p 
cod*  is  initialled  to  a  point  with  th*  cod*  phase  advanced 
1  3  times  th*  standard  deviation  of  th*  error  in  rang*  (-1  5 
sigma)  P1SCM  then  searches  for  correlation  Th*  critical 
requirement  for  this  mod*  is  that  the  search  must  allow  for 
being  interrupted  after  two  seconds  and  being  resumed  at 
some  time  later  If  th*  search  is  interrupted,  it  resumes 
at  a  point  13  steps  (16/17  of  a  chip  apart)  overlapped  with 
the  prior  two  seconds  (to  allow  for  SV  motion  affecting  th* 
cod*  phase)  If  th*  search  eihausts  613  steps  (to  ♦ 3  0 
sigma)  it  is  reset  to  -3  O  sigma  and  the  search  is  resumed 
If  correlation  is  detected.  P 1 TRK  and  R1RNC  *r*  scheduled  to 
run  1195  milliseconds  before  the  end  of  th*  2  second 
interval  If  th*  t i m*  at  which  th*  scheduling  occurs  it 

after  119?  milliseconds.  no  range  measurement  will  be 
performed  and  Master  Control  will  not  recognii*  that 
acquisition  occurred  Another  mod*  6  command  will  b* 

received  for  th*  SV  at  which  time  th*  13  point  overlap 
should  cause  acquisition  very  early  in  the  2  second 
interval.  providing  time  for  th*  range  measurement  to 
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occur  This  strategg  «]  lout  luff  ic  i»nt  rrjrmion  points  to 


be  ttktn  to  providt  a  valid  virnur  rang*  correction  to  the 

Mliurtamt 

The  initial  2  second  node  6  interval  includes  a  noise 
calibration  which  is  shipped  in  subsequent  intervals.  with 
RINSE  substituting  a  100  millisecond  delag  to  allow  ACC 
settl ing 

A  mode  8  command  on  an  SV  causes  RlRNO  to  indicate  no 
measurements  for  that  SV  This  forces  the  Navigation 


s  ub  sg  s  tern 

t  o 

supplg  navigation  aiding 

(as  opposed 

t  0 

receiver 

self 

aiding).  which  is  more 

ac  c  urate 

when 

th» 

signal  has 

not 

been  acquired  for  some  time 

Node 

8  s 

«r» 

used  both  for  new  SV ' S  and  reacquiring  SV  '  s  which  have  not 
provided  a  good  measurement  for  more  than  4  minutes 

3  1  3  2  8  Stamp t  i«i  P  R.tacauititipn  Stautnct  (Npd«  2.A) 

The  Sequential  P  Reac qu i s i t i on  sequence  is  used  when 
measurements  are  being  missed  on  an  SV  and  the  code  peat 
search  is  indicating  no  signal  present  It  uses  the  same 
sequence  specification  table  <REB014>  as  is  used  bg  mode  8 
with  the  differences  being  defined  bg  R2XSPN 

The  differences  include  (1>  the  search  interval  is  150 
steps  on  each  side  of  the  eipected  code  phase  and  (2>  the 
search  starts  at  the  fullg  advanced  code  phase 

The  mode  selection  criteria  (whether  to  use  Node  8  or 
Node  24)  is  established  bg  Naster  Control  and  is  transparent 
to  the  RCSS 


0 
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3  1  3  2  9  Al««n«£  folia.  illAgP.  StflyiPAl  <*2ll  H1L 


T h •  iUinac  icquitition  sequence  it  initiated  by  an 
operator  through  the  Matter  Control  Subsystem  The  same 
sequence  tpec if ication  tablet  (RE8005  and  REB006)  are  used 
at  for  first  SV  acquisition.  with  the  differences  being 
implemented  in  R2XSPM  The  differences  between  first  SV 
acquisition  and  almanac  acquisition  are  as  follows 

(1>  The  search  parameters  generated  by  R2XSPM  provide  a 
full  doppler  search  (covering  the  range  ♦  /-  700  meters 
per  second  The  search  starts  with  the  aided  value  of 
range  rate  and  searches  about  it  until  the  limits  are 
encountered  If  the  aided  value  is  outside  the  limits, 
the  search  starts  at  the  closest  limit  and  covers  all 
doppler  bins  to  the  other  limit  Doppler  bin  center 
frequencies  are  separated  by  52  meter*  per  * scond  to 
correspond  to  the  bandwidth  of  the  narrowband 
amp  lifters 

(2)  The  timeout  interval  allowed  by  Master  Control  is 
sufficient  for  the  full  search  <0  minutes) 

(3)  If  acquisition  is  declared  but  bit  sync  or  data 
recovery  fails.  the  search  will  resume  at  the  last 
attempted  doppler  frequency 

3  1  3  2  10  Built  Ln  Test  Sequence  ‘flail  Li 

The  built  in  test  sequence  is  esecuted  during  power  up 
and  during  warm  start  or  restart  It  consists  of  the 
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following  «t«p« 

(1)  The  local  clock  of  the  ncrivtr  is  tynchronutd  with 
the  FTF  count 

(2)  The  wideband  end  frequency  ignthtu itr  modules  ere 
set  up  for  LI 

(3>  RICA L  is  eiecuted  using  the  primitive  REC060  to 
calibrate  the  VCXO 

(4>  The  Wibebend  Module  test  signal  from  the  bite  module 

is  selected 

(3)  R1RRM  is  eiecuted  to  measure  the  relative  range  rate 
from  the  built  in  test  module 

(6)  The  VCXO  is  set  to  correspond  to  the  BITE  module 
relative  range  rate.  using  the  primitive  REC064  to 
eiecute  R1SET 

(7)  The  3-state  bus  is  enabled  and  the  BITE  module  is 
started 

<8>  The  BITE  mode  for  R1PIN  is  selected  and  the  T  code  is 
disabled 

(9)  The  code  generator  is  initialiied  to  start  the  XI 
code 

(10)  Noise  calibration  is  performed  to  determine  the 
noise  environment 

(11)  The  3-stete  bus  is  enabled 

(12>  RlSCH  is  eiecuted  usir.g  search  parameters  defined  by 
R2XSPM.  which  cause  a  312  chip  search  to  be  eiecuted 

(13)  RlTRM  is  eiecuted  using  the  primitive  REC079 

(14)  R1BSN  is  eiecuted  in  the  verify  mode  to  establish 
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correct  bit  tync 

<131  Data  rtcovtrg  it  initiated  The  BITE  module 
modulates  lti  output  with  a  continuous  barker  cod*,  to 
data  recovery  only  goes  at  far  at  barker  cod*  detection 

(16)  When  a  good  aeatureaer.t  it  processed  by  RIRMO,  a 
*ode  21  command  it  generated  in  order  to  initiate  an  L2 
BITE  measurement 

(17)  The  L2  sequence  it  the  tame  as  the  LI  sequence 
eicept  for  selection  of  L2.  not  performing  VCXO  calibrate 
and  leaving  the  BITE  cod*  generator  running  at  the  god* 
generator  module  it  started  to  at  to  align  with  the  BITE 
cod*  When  a  good  L2  measurement  it  processed  by  RIRMO. 
a  mod*  22  command  is  generated  to  cause  the  RCSS  to 
report  BITE  successful  If  RIRMO  detects  3  bad 
measurements  in  either  the  LI  or  L2  sequence-  a  mode  23 
command  is  generated  to  cause  the  RCSS  to  report  BITE 
fa i lure 


3  13  3  Rt ttiYtr  5uimm  Controller  Software  ttodulet 

The  modules  which  make  up  the  Receiver  Sequence 
Controller  are  as  follows 

£££.  r UNCTION 

R1R5C  Sequence  Control  Kernel 

R3COMM  Local  Task's  Commun i c at i on  Server 

R3WAIT  Local  Task's  Waiting  Server 

R3ST0P  Local  Task's  Stopping  Server 

R3CANC  Local  Task's  Cancelling  Server 
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R2XTEP 


Time  Lvint  frocmor 


R2XSTD 
R2XERR 
R2XCPP 
R2XNOP 
R2XHMP 
R2XSMP 
R2XSCS 
R2XSSP 
R2XTES 
R2XSAS 
R2XSRT 
R2XSIP 
R2XSPM 
R1XITM 
R  1  XCCP 


Local  Task  Dispatcher 
X3ERRA  Calling  Procutor 

Po»t-t»r«t nat 1  on  Processing  Cancellation  Processor 

No  Operation  Processor 

Hardware  Modification  Processor 

Software  Modification  Processor 

Task  Cancelling  Processor 

Sequence  Specification  Table  Processor 

T i«t  Event  Scheduling  Processor 

Task  Activation  Service  Processor 

Service  Request  Table  Processor 

System  I n i 1 1 a  1 i i a 1 1 on  Processor 

Search  Parameter  Manager 

Interface  Task  Monitor 

Command  Communication  Processor 


3  1  4  Built  In  Test 

The  Built  In  Test  (BITE)  function  is  assigned  to  the 
RCSS  but  performs  both  Master  Control  and  Receiver 
functions  The  Computer  Program  Component  which  perforate 
the  BITE  function  is  TlBITT 

The  approach  to  BITf  i«  to  provide  operator  selectable 
tests  of  the  master  oscillator.  El OM ,  C DU  local  oscillators 
and  Receiver  functions  The  test  of  receiver  function 
analytes  the  results  of  the  BITE  sequence  performed  at 
power-up  Failures  are  reported  to  the  operator  through  the 
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3  2  MASTER  CONTROL  SUBSYSTEM 


320  fitnirtl 

The  MVUE  Master  Control  ptrformi  tgctim  state 
transition*  according  to  the  state  transition  diagram  and 
criteria  shown  in  Figure  3  2-1  It  also  eiecutes  the  master 
control  function*  of  Table  3  2-1  These  functions  mag  be 
assigned  to  one  of  five  groups  Sgstem  Control.  Receiver 
Control.  Navigation  Control.  CDU  Control,  and  EIOM  Control 

The  following  paragraphs  further  partition  these  groups 
into  eleven  function*  from  the  software  implementation  point 
of  view  Theg  are 


1  Sgstem  Start-up  Control 

2  SV  Acquisition  Control 

3  SV  Reac qu i s i t i on  and  Navigation  Control 

4  Fii  Control 

3  Wagpoint  Control 

6  C/No  Monitoring  and  Filtering 

7  MVUE  Instrumentation  Sgstem  Control  and  Sgstem  Status 

Mom  tor  ing 

8  Data  Block  Processing 

9  Coordinate  Transformation  Service 

1 0  C  DU  Control 

1 1  EIOM  Control 

Figure  3  2-2  shows  the  relationships  among  these 
function*  The  function*  communicate  among  each  other  using 
data  sets  The  details  of  th*  data  sets  are  described  in 
the  following  paragraphs 

Timing  for  each  of  the  master  control  functions  is 
important  and  is  achieved  bg  allocating  th*  function  to  a 
software  task  having  the  desired  scheduling  The  software 
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System  Warmed  Up 


F i gur  e  3 


C DU  BITE  Flag  1%  Set 


BITE  TQ  POWER  UP 

CDU  Command  to  Leave  BITE  State 


START  TQ  harm  initialization 

BITE  Flag  Cleared  fnjt 
Warm  Start  Flip  Flop  Set 


SIMT  TQ  CQLD .INITIALIZATION 

BITE  Flag  Cleared  and 

Warm  Start  Flip  Flop  Cleared 


CDU  Command  for  BITE 
CDU  Command  to  Reitart 


tQLfi  INITIALIZATION  TQ  SV  T 

Input  of  Uier  Pontion  and  Time  Complete 


SV  SELECT  TO  FIRS T  ACQUISITION 

Selection  and  Parabolic  Fit  Coefficient*  Complete 


L-IA  SUBSEQUENT  SV  ACQUISITION 
Time  Oia*  Estimated  from  Ephemeri*  and  Clock  Data 


MMfl  INITIALIZATION  TQ  SUBSEQUENT  SV  ACQUISITION 
FTF  Counter  Restarted 


SUBSEQUENT  .ACQUISITION  tq  SUBSEQUENT  ACQUISITION 
Acquired  SV  Data  and 
SV  '  s  Left  To  Acquire 


2-1  Master  State  Transition  Control 
Diagram  (continued) 
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Figure  3.2-?.  Waster  Control  Subsystem  Configuration 


System  Start -  up 
SV  Acquisition  Control 

S V  Reac qu i s i t i on  and  Navigation  Control 

SV  Status  Strvict 

Sy it**  Status  Strvict 

MIS  Control  and  I/O  Strvict 

SV  C/No  Monitoring  and  Filtering 

RECEIVER  CONTROL 

Rtc itvtr  Mode  Control 
Receiver  Mode  Selection 

Ephemeris  and  Clock  Data  Update  Control 
Automatic  Almanac  Acquisition 

NAVI SAT  ION  CONTROL 

Navigation  I n i t i a  1 l i a t i on  Service 

Aiding  Control 

Fii  Control 

Waypoint  Control 

Data  Block  Processing 

CPU  CONTROL 

CDU  I/O  Control 

CDU  I/O  Service 

Data  Formatting  Service 

CDU  Function  Control 

CDU  Prompting  Control 

Coordinate  Tramforsation  Service 

fclQflJLQttlfiQL 

Read  Standby  T imer 
Read  CRU  Bit 

I n 1 1 1 a  1 i t e /Star t  Standby  Timer 
Set  CRU  Bit  To  One 
Set  CRU  Bit  To  Zero 
Read  16  Bits  of  CRU  Data 
Write  16  Bits  of  Data  To  CRU 


Table  3  2-1  Master  Control  Functions 
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3  a  i  Smite  S tar. i~ wit  Cwntrgl  rynct  ton 

3  2ii  Fwn  ill  anal  Dtitruticn 

T  h •  system  « t*r  t -uf  control  function  it  implemented  by 
the  titk  M1ST5M  (20m*>  It  i s  ictivitfd  by  th*  Eitcutivt 
after  th*  powtr  up  intvrrupt  handler  f tnithtt  it*  function 
Th*  task  *i*cut*«  th*  following  function* 

1  Initiate*  cold  start.  warm  *tart  and  r**t«rt  proc**ting 

2  Monitor*  *y*t*m  mod*  change*  Initiate*  Built  In  Test 

(BITE)  mod*  upon  request  and  proceed*  to  th*  normal  mod* 
when  BITE  procedure*  complete 

3  Activate*  Syttem  Software  Module* 

4  Inittallie*  Sy«t*m  Data  Set*  and  Control  Flag* 

3212  Pratt, mna 

M1ST5M  interface*  with  the  Eiecutive.  Navigation. 
Receiver  and  other  Matter  Control  Module*  through  the 
at*oc  iat*d  data  **t*  Figure  3  2-3  thow*  the  over  all 
configuration  of  M1ST3M  and  it*  relationship  with  th*  data 
«*t«  and  other  software  module* 

Th*  first  step  of  the  system  start-up  control  process 
i*  i n 1 1 1 a  1 t t a 1 1 on  of  th*  system  FTF  counter  and  activation 
of  th*  C D(J  software  to  turn  off  the  CDU  test  pattern  to  test 
the  presence  of  th*  system's  20  ms  interrupt  The  second 
step  Is  th*  activation  of  th*  Receiver  Sequence  Controller 
to  Initial l it  the  receiver  Depending  on  the  status  of  the 
c o 1 d-s ter t /warm-* tar t/r*- *  tar t  flags.  the  task  then 
initiatial I i*s  the  system  warm  start  or  cold  start  or 
restart  process  In  the  warm  star'  orocess.  precision  time 
is  available  from  calculations  performed  before  the  system 
went  into  the  standby  mode  In  the  cold  start  process.  the 
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navigation  i  n  1 1 1  a  1 1  i  at  i  on  proem  is  initialized  in  order  to 
accept  the  initi.il  uier  position  and  time  input  In  the 
restart  process,  the  operator  has  the  option  of 
r e- 1 n 1 1 1 a  1 i i i ng  system  parameters 

Appropriate  software  modules  are  activated  during  the 
cold-start/warm-start/re-star t  process  After  these 
processes  are  complete.  control  is  handed  over  to  the  SV 
acquisition  task  (M1NS20) 

If  Du  1 1 1- I n-Tes t  was  requested  by  the  operator  through 
CDU  prompting  prior  to  M1STW1  being  initiated.  M1ST5M 
cancels  the  eiecutive  self-testing  task  (X1TST)  and 
activates  the  DITE  software  module  (T1BITT) 
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Figure  3.2-3.  System  Start-Up  Control  Configuration 


3  2  2  fttflUl-tlUBD  tiHilfil  function 


3  2  2  1  Functional  Discretion 

The  SV  Acquisition  Control  function  is  implemented  bg 
H1NS20  (20ms)  and  activated  bg  M1ST5H  It  is  anablad  after 
the  SV  sfltction  and  sgstem  i n 1 1 1 a  1 t : a 1 1 on  process  is 
coaplete  and  disabled  whan  tha  SV  acquisition  functions  ara 
accomplishad  Tha  major  functions  of  this  task  ara 

1  Monitoring  Number  of  Visibla  SV '  s  calculated  bg  Nav  SV 

Salaction/Position  Control 

2  Scheduling  Receiver  Automatic  Almanac  Acquisition 

3  Control  of  Nav  Aiding 

4  Control  of  Receiver  1st  SV  Acquisition 

5  Control  of  Receiver  Subsequent  SV  Acquisition 

6  Monitoring  of  SV  Data  Recovery 

7  Readjustment  of  FTP  and  Commending  of  Precision  Time 

3  2  2  2  Pnatt »jLinai 

The  SV  Acquisition  Control  Function  interfaces  with  the 
Navigation  and  Receiver  Modules  as  shown  in  Figure  3  2-4 

After  the  SV  selection  function  in  cold-start  or  the 
1 n 1 1 1  a  1 1 1  a t i on  function  in  warm-start  completes.  M1NS20  is 
commanded  to  eiecute  It  first  fetches  the  highest  6  SV 

ID's  from  the  SV  sequence  list  generated  bg  the  operator  or 
bg  the  Navigation  Subsgstem  during  the  SV  selection  state 
It  then  performs  the  first  SV  or  subsequent  SV  acquisition 
control  f unc  1 1 on 

The  communication  between  M1NS20  and  the  Receiver 
Sequence  Controller  is  through  the  data  sets  shown  in  Figure 
3  2-4  The  mode  control  accepted  bg  the  Receiver  Sequence 


PAQ€  97 


Controller  i»  ihown  in  Table  3  2-2 

For  the  first  SV  acquisition,  M 1 NS 20  determine*  which 
SV  it  to  be  acquired  and  commands  mode  2  for  first  SV 
acquisition  It  also  keeps  the  SV  status  as  shown  in  Table 
3  2-3  The  Receiver  Sequence  Controller  replies  with 
command  acknowledgement  and  completion  codes  through  the 
receiver  status  data  set  (RMMSTA)  This  process  takes 
typically  about  45  seconds  and  can  be  repeated  if  the  SV  it 
not  found  within  75  seconds  In  this  case.  M1NS20  will 
choose  the  ne«t  highest  SV  for  first  SV  acquisition  until 
the  first  4  SV '  *  selected  by  Nav  (or  the  operator)  have  been 
tried 

After  the  first  SV  is  acquired  and  it's  data  it 
recovered,  H1NS20  commands  the  eiecutive  to  retynchroniie 
the  FTF  counter  It  also  computes  the  clock  bias  and 
commands  the  Navigation  Subsystem  to  generate  aiding  data 
for  subsequent  SV  acquisitions 

For  subsequent  SV  acquisitions.  M1NS20  determines  the 
SV  ID  to  be  acquired  and  generates  a  mode  3  command  to  the 
Receiver  Sequence  Controller  A  30  second  time  limit  it 
allowed  for  each  subsequent  SV  acquisition  After  the  SV  it 
found,  and  it's  data  is  recovered,  H1NS20  proceeds  to  the 
neit  subsequent  SV  acquisition  process 

H1NS20  activate*  the  Master  Control  SV  Reac  qu  i  s  1 1 1  on 
Control  Task  (M1NSVC)  after  it  had  tried  to  acquire  all  the 
SV '  t  in  the  SV  elevation  array  (unless  too  few  are  acquired 
for  tequpncing  in  which  case  the  operator  is  notified  and  a 
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Table  3  2-2  Receiver  Sequence  Controller  Mode* 


COMMAND  MODE 


VALVE. 

0 

1 

2 

3 

4 

3 

6 

7 

e 

9 

10 

21 

22 

23 

24 
23 


MEANING 

No  Action/Continui  Action 
CO/NO-CO  (LI  Meat  ) 

Firit  SV  Acquisition 
Subsequent  SV  Acquisition 
CA  Reaqu l s l t  l  on 
P  Reac  qu l s 1 1 1  on 
L 1 /L2  Precision 
Ephemer is  Update 
New  SV  Acquisition 
Reset 

Resync  Done  Command  (initiate  handover) 
GO/NO-CO  ( L2  meas  >  (Cmd'd  bq  R1RM0) 
CO/NO-CO  Successful  (cmd'd  bq  R1RM0) 
CO/NO-CO  Failure  (cmd  d  bq  RlRMO) 
Sequential  P  Reac qu i s l t l on 
Automatic  Almanac  Acquisition 
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I 


VALUE 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

JO 
1  1 
12 

13 

1  4 

1  5 
16 
1  7 


I 

| 


Tabl*  3  2-3  SV  St4tut  Table 


Not  D*fm*d 

SV  Reacquired  w/P  Cod*  and  Tracking 
SV  Rt«cquir»d  W/C/A  Cod*  (Awaiting  P  R*«cq  ) 
SV  Acquired  But  Not  R*«cqoir*d 
SV  Failed  To  B*  Acquired  Th*  Fir»t  Tim* 

Not  U**d 

SV  Failed  To  B*  Ac  qui r*d  With  P  Cod* 

SV  Acquirvd  In  Mod*  8  (N*w  SV  Ac q > 

Not  U**d 
Not  U«*d 

SV  Fn  lfd  To  •  indovir  To  P  Cod*  in  S  S 
SV  R*«cq  Tim*d  Ou t ~C ommand • d  in  Mod*  24 
SV  C/A  Rticq  Tim*  Out  -  Tri»d  4  minut* 

C/A  Rrcic  q 

SV  R»«c  q  T im»d  Out-Good  Snr-Cmd*d  in  Mode  5 
SV  Ju*t  S*t  -  No  R»p l«c*m»nt  Found 
SV  Ha*  S*t  -  I qnort  M*a»ur*m*nt« 

N*w  SV  Acquind  in  S  S.  can't  collect  EPHM 
SV  ju*t  **t  -  Replacement  Found 
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Figure  3 . 2-5.  First  SV  Acquisition  Time-Line 
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Figure  3.2-7.  First  FI*  Data  Recovery  Tine-Line 
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Figure  3,2-8.  System  Time-Line  for  Interface  Between 

SV  Acquisition  and  SV  C/A  Reacquisition  State 


3  2  3  SY 


ini  navi  ait  tap  Canlrsl 


3  2  3  1 


Imp  1 ion  S/U  Module*  are  M1NSVC  (2  sec).  M2HMDC 
(2  sec).  M2RMOD  <2  sec).  M2EPHM  <2  sec),  end  M2STAT  <2 


The  SV  Rticquit l tion  end  Nevigetion  Control  Task 
schedule*  SV  rtecqumtion  end  sequencing  in  the  steadg 
state  It*  mein  function*  ere 

1  Schedule*  first  fit  displeg 

2  Initiete*  C/A  Reec qu i * l t i on  with  2  sec  interval  for  each 

SV  bg  issuing  appropriate  receiver  end  navigation  control 
commend  to  receiver  sequence  controller  and  Navigation 
filter  respectivelg 

3  Initiate*  P  r eec qu i *  1 1 1 on  control  after  C/A  r eac qu  i  s i 1 1 on 

process  is  finished 

4  Carries  out  SV  searching  stretegg  if  the  number  of 

SV  '  s  being  tracked  is  less  then  6 

5  Performs  steedg  stete  SV  sequence  control  with  6. 5, 4, 3. 

or  2  SV*  (Including  ionospheric  correction  scheduling! 

6  Schedules  end  controls  the  ephemeri*  update  mode 

7  Commends  the  CDU  to  displeg  sgstem  warning  messages 

on  sgstem  failure  conditions 


3  2  3  3  P  r  g  li  H  UA 

Figure  3  2-R  shows  the  overall  configuration  of  the  SV 
Reec qu i * i t i on  and  Navigation  Control  Function  The  task 
M1NSVC  is  activated  bg  M1NS20  It  communicates  with  the 


Receiver  Sequence  Controller  thru  the 


M1NS20  use*  H1NSVC  activate*  C/A  r eac qu i * l t i on  first, 
determines  the  SV  ID  to  be  reacquired,  and  commands  Mode  4 
for  SV  C/A  reacqumtion  It  also  keeps  the  SV  status  as 
shown  in  Table  3  The  C/A  r eac qu i s 1 t i on  process  Is  repeated 
every  2  seconds  for  each  SV  and  the  r eac qu 1 s i t i on  is 
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•witched  to  P  after  the  SV ' •  ere  reacquired 


In  P  r eac qu i • 1 1 1  on .  M1NSVC  command*  the  tame  parameter* 
a*  C/A  r eac qu i ■ i t i on  doe*.  eicept  C/A  i«  changed  to  P 
After  the  P  r eac qu i * i t i on  hat  been  commanded  for  the  SV's. 
H1NSVC  and  it*  subtasks  M2RMDC.  M2RHOD.  and  H2EPHH  control 
the  receiver  measurement  sequence  in  normal,  ionospheric 
correction  and  data  recovery  (ephemeris  update)  cycles 

In  the  normal  cycle.  M2RM0D  sets  the  receiver  mode  to  5 
(LI  and  P  r eac qu i * i t l on )  It  also  specifies  the  SV  ID  for 
range  and  range  rate  aiding.  and  the  SV  ID  for  which 
measurements  apply 

In  the  ionospheric  correction  cycle,  control  parameters 
are  the  same  as  those  of  the  normal  cycle  eicept  the  control 
mode  is  6  which  causes  the  reciever  to  use  the  L2 
frequency  It  takes  two  more  seconds  than  the  normal  cycle 

for  the  receiver  to  perform  the  L 1 /L2  process,  since  both  LI 
and  L2  P  r eac qu 1 • i t i on*  must  be  commanded  on  the  same  SV, 
two  seconds  apart 

In  the  data  recovery  cycle,  the  commanded  mode  Is  7. 
eight  seconds  are  used  by  the  receiver  to  complete  the  data 
recovery  functions  for  each  subframe  (2  seconds  for  SV 
acquisition  and  6  seconds  for  data  recovery) 

The  order  of  SV  sequencing  of  the  normal.  ionospheric 
correction  and  data  recovery  cycles  ere  as  indicated  on  the 
system  time-line  shown  on  Figures  3  2-10.  3  2-11.  and 

3  2-12  The  functions  they  perform  could  be  listed  as 
foil ows 
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1  Determine  which  SV/Gi  should  be  used  it  the  current  instant 

2  Designate 

a  SV  number  for  neit  aiding 

b  SV  number  for  neit  Receiver  Acquisition 

c  SV  number  for  neit  NAV  inner  loop 

d  SV  number  for  neit  NAV  outer  loop 

e  Place  the  above  sequences  in  the  SV  sequence  data 

base  and  the  SV  status  table 

3  Interface  between  NAV  inner  and  outer  loops 

4  Schedule  IONO  correction  cgcles 

5  Check  for  data  completeness  and  activate 

data  block  processing 

6  Initiate  ephemeris  update  (about  every  1  hour) 

and  schedule  data  acquisition  if  a  new  SV  just  acquired 

7  Control  new  SV  acquisition 

8  If  one  SV  times  out.  reacquire  and  select  a  new  one 

9  If  only  five  SV ' s  are  available,  decide  which  goes  in  6th  slot 

10  If  only  four  SV ' s  are  available  decide  which  goes  in  5th  slot 

11  If  three  SV '  s  are  available  in  running  state,  command  altitude 

hold  and  use  fiied  altitude  at  last  value 

12  If  two  SV ' s  are  available  in  running  state,  use  fiied  time 

bias  rate  and  fiied  altitude  at  last  value 

13  If  three  SV's  are  available  on  start  up.  schedule  altitude  hold 

on  the  4th  slot 

Under  degraded  mode  or  signal  loss  environments.  M2RHOD 
handles  SV  drop  out  for  bad  measurement  conditions  If  the 
receiver  fails  to  get  good  measurements  from  an  SV  for  a 
certain  period  of  time  (consecutive  bad  measurements  for  30 
seconds).  H2RNOD  decrements  the  tracking  SV  counter  MNPSTK 
by  one  and  flashes  the  "Eicessive  Reac qu l s i t i on  Time"  system 
warning  message  on  the  C DU  Depending  on  whether  the 
missing  measurements  are  due  to  failure  to  achieve  carrier 
lock  or  due  to  actual  loss  of  signal.  two  types  of  SV 
r eac qu i s l t i on  modes  will  be  issued  to  try  to  reacquire  the 
SV  (l>If  the  instantaneous  » i gna 1 -to-no i se  ratio  (SNR)  is 


above  the  threshold  ( >90  counts),  the  system  continues  to  do 


code 

peak 

search  with 

the 

SV  r  eac  qu i s 1 1 1 on 

mode  (mode 

5) 

(2)  If 

the 

SNR  is  below 

the 

threshold 

( <90 

c  ounts  ) . 

the 

sequential 

SV  reac  qu i s 1 1 1 on 

mode  (mode 

24)  is 

c  ommanded 

for 
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thv  SV  Th •  tvarching  pvriod  lattt  for  4  minutu  bvforv  thv 
SV  it  droppvd  from  thv  tvquvncv  and  placvd  into  thv  nvw  SV 
tvarch  quvuv 

At  toon  at  thv  number  of  SVt  tracked  dropt  bvlow  4. 
MINSVC  ttartt  thv  altitudv  hold  activity  on  thv  SV  that  it 
muting  mvaiunmvntt  M1NSVC  tchvdulvt  thv  altitudv  hold 
•odv  on  thv  SV  innvr  and  outvr  loop  tlott  two  tvcondt  prior 
to  thv  normal  tvquvncv  of  it«  outvr  loop  If  thv  SV  it 
droppvd.  MINSVC  tchvdulvt  thv  nvw  SV  acquitition  mode  and 
thv  altitudv  hold  modv  for  thv  tame  SV  ID  on  thv 
(MNPSTKM)th  tlot 

When  thv  lott  SV  it  rvacquirvd.  MNP S T K  it  incrvmvntvd 
by  onv  Thv  altitudv  hold  modv  ID  droppvd  2  tvcondt  prior 
to  thv  normal  tvquvncv  of  it't  outvr  loop  If  thv  numbvr  of 
SV  tracked  it  ttill  Ivtt  than  4.  M1NSVC  rvtchvdulet  thv 
altitude  incorporation  on  the  other  SV  tlot  which  it  in 
r vac qu i t i t i on  mode  (modv  24)  or  nvw  SV  acquitition  modv 
(modv  8)  M1NSVC  and  M2RMOD  alwayt  tchvdulv  nvw  SV 
acquitition  on  thv  (MNPSTKM)th  SV  tlot  if  there  it  an  SV  ID 
in  thv  nvw  SV  tvarching  queue  Thv  tvarching  time  limit  it 
tvt  to  be  4  minute*  to  covvr  thv  1000  p-chip  tvquvntial 
tvarch  appr o ■ ima t v 1 y  two  timet  If  a  new  SV  it  acquirvd. 
MINSVC  tchvdulvt  it  into  thv  tvquvncv  Thv  navigation 
tubtyttvm  provide*  tvlf  aiding  until  vphvmvrit  data  it 
recovered  and  new  fit  coefficient!  are  computed  MINSVC 
tchvdulvt  vphvment  data  rvcowry  and  tvtt  flagt  to  Nav  for 
fit  coefficient  calculation  whvn  thv  vphvmvrit  data  it 
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computed  bg  N2EPHM  The  outtr  loop  it  not  to  ba  tchtdultd 
until  Nav  rtltti  tha  flag  indicating  that  th*  fit 

coafficiant  computation  i«  complata  hNPSTK  it  than 
incramantad  bg  ona  In  cata  tha  altituda  hold  moda  it 

tchadulad  on  tha  naw  SV  acquisition  « lot  and  tha  naw  SV 

procatt  it  complata.  tha  altituda  hold  moda  it  droppad 
Honivar,  if  MNPSTK  it  latt  than  4.  M1NSVC  rate  hadulat 
altituda  hold  moda  on  anothar  moda  2 4  or  moda  6  SV  plot 
Moduli  H2RMDC  in  tha  SV  Raac qu i t i t i on  and  Navigation  Control 
Function  it  utad  to  racord  tha  SV  ttatut  undar  diffarant 
igttam  oparation  modat 

In  ordar  to  furthar  illuttrata  tha  procatting 

itruc turat  of  modulat  H1NSVC.  M2RNDC.  M2RM0D.  M2EPHH.  and 
N2STAT,  Appandii  B  includat  tha  variabla  littingt  and  tha 
top  and  datailad  flow  chart*  of  tha  modulat 
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ACQUIftl  TION 


Sychronizat ion-P  Reacquis 


OUTER  LOOM  PROCESS 


SV  DATA  SUtl*  NAME 


ItCVR  ACTIVITY 


RCVR  MEASUREMENTS  A  »NN»«  LOOP 


-  OAT  A  RECOVER'  TOR  Tm  SV 
•  ONO  CORRECTION  CYCLE 


figure  3.?-!?.  SV  Sequencing  (Data  Recovery  -  6  SV’s 


3  2  4  Fn  Control 


3  2  4  1  Func  t  loni  1  Dticnction 

The  Fit  Control  Function  schedule*  the  Mi  display  in 
either  auto  or  manual  mode  Thi*  function  i*  implemented  by 
M1NST2  <1  « ec  ) 


3  2  4  2  Proctiung 

The  fit  Control  Function  eiecute*  the  manual  and  auto 
mode  control  logic  The  overall  control  and  data  flow  of 
th it  function  i*  shown  in  Figure  3  2-13 

In  the  manual  fit  mode,  the  CDU  software  enables  M1NST2 
which  transfer*  coordinates  from  Nav  to  the  coordinate 
trsntformjttion  data  set  It  then  command*  H1XFRH  to  convert 
the  coordinates  into  LAT/LONC  or  Military  Grid  Reference 
System  <MCRS>  Once  the  t r an * f or ma t i on  is  complete.  M1NST2 
command*  H15100  to  display  the  fii 

In  the  automatic  fii  mode.  the  data  structure  and 
control  flow  is  the  same  as  in  the  manual  mode  eicept  that  a 
counter  is  used  to  au t oma 1 1 c a  1 1 y  display  the  fit  once  a 
minute  If  the  automatic  display  is  other  than  the  fit 
display.  H1NST2  schedules  the  nett  display  of  the 
appropriate  function  by  H1S100 
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3  2  5  1  Fynt-Uanil  PukrutABa 

The  wagpoint  control  task  it  implemented  bg  M1NSWC  (3 
min  Background)  The  tatk  eiecutet  the  i n 1 1 1 a  1 1 1  a 1 1 on  of 

wagpointt  and  controli  the  wagpoint  ditplag  on  the  CDU  in 
LAT/LONC  or  MCRS  It  alto  calculatet  the  range  and  bearing 
to  ang  waypoint  and  ditplagt  them  on  the  CDU  when  the 
operator  prettet  the  RNG  button 

3  2  5  2  Pramiina 

M1NSWC  interfacet  with  MIS  100  through  the  data  tet 
MWPCOD  When  the  operator  prettet  the  LAT  or  the  CRD 
button.  M1S1 00  enablet  Ml NSWC  to  ditplag  the  lateat 
waypoint.  N.  telected  bg  the  operator  Ml NSWC  interfacet 
with  MIXFRM  through  the  data  tet  MCXFOU  and  then  interfacet 
with  M1S100  to  ditplag  wagpoint  N  in  LAT /LONG  or  MORS 

Similarlg.  if  the  operator  prettet  the  RNO  button. 
M1NSWC  fetchet  the  uter  position  and  velocitg  to  compute  the 
range  and  bearing  to  the  latest  wagpoint  N  telected  bg  the 
operator  and  commands  the  CDU  S/W  to  ditplag  them 

3  2  6  C/no  Monitor ina  f lltgrina  f wDt Wan 

3  2  6  1  Funaiianil  P«»triBU-an 

The  C/No  monitoring  and  filtering  tatk  it  implemented 
bg  M1CNSV  (2  tec)  It  receives  signal  to  noise  ratio  raw 
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ditd  from  the  receiver  It  then  compute*  the  C/No  in  dB  Hi 
through  a  filtering  proceit  for  eech  SV  being  tracked 

3  2  6  3  Pr.gctmna 

The  function  is  implemented  it  thown  in  Figure  3  2-14 
Nodule  H1CNSV  filter*  the  receiver  C/No  raw  date  for  each  SV 
and  store*  it  to  an  array  NFILTR  (2.N)  where  N  i*  the 
generic  SV  ID  (1  to  6) 

To  convert  the  filtered  SNR  raw  data  to  C/No  in  dB-Hi, 
the  following  equation  i*  used 
dB-Hx  -  20* 1 og ( SNR )  -  2  96 
Which  i»  approximated  by 

dB-H»  -  068*11(1)  ♦  26  O 

Where  X (  a  >  -  1/8*SNR*CAL  ♦  7/8*X<i-l) 
and  C  Al  -  10 

T  h i *  equation  i*  derived  from  calibrating  the  MVUE 
receiver  measurement*  with  the  actual  C/No  settings 
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Figure  3 . 2-14.  M\AJE  C/Nq  Recursive  Filter 


3  7  pvyfc  LojLir.vamiAli.ac  fUS  Control  and  5u>\«>g 

SIaIua  ^anitar ica  LvnoLtoc 


3  2  7  1  FWp.c  Uflnal  PtlcriPtlQn 

Implementation  of  this  task  is  by  M1NSDT  (2  tec)  The 
task  eiecutes  the  following  functions  A  Performs  system 
ini t tal 1  tat  ion  during  start-up  B  Monitors  system  status  and 
reports  systems  errors  in  steady  state  C  Initiates  and 
controls  MVUE  Instrumentation  System  (MIS)  operation  when 
MIS  output  is  commanded 

3272  Piattitina 

Initially,  the  module  M1NSDT  commands  the  Receiver 
Sequence  Controller  to  eiecute  it's  CO/NO-CO  sequence  In 
steady  state,  every  2  seconds.  the  module  M1NSDT  first 
monitors  for  processor  errors  and  sets  the  CDU  error  display 
flag  if  an  error  is  detected  It  then  checks  for  the 
eicessive  spherical  user  position  error.  the  low  battery 
error  and  the  eicessive  oscillator  bias  error  These  error 
conditions  cause  the  CDU  to  flash  the  system  warning 
messages  "W".  “P".  "B"  and  "K".  respectively 

If  MIS  output  is  commanded.  M1NSDT  schedules  the  2 
second  and  24  second  data  and  transmits  the  data  to  the  MIS 
990/10  9-track  tape  The  MIS  2  second  and  24  second  data 
are  listed  in  the  M1NSDT  module  listings 

3  2  8  QaIa  Block  PiAk.fi ixn ft  FwokUan 
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3  2  0  1  Func  tional  PyttriflllBQ 


Imp  1  (Kitntit  i  on  S/W  Module*  are  M1PDBR  (6  *ec).  M2DBPR 
(200ms).  M2DBS1  <6  sec).  M2DBS2  (6  sec).  M2DB53  (6  sec),  and 
M2M0VE  (6  sec) 

The  Data  Block  Processing  Task,  including  a  200ms  SV/CT 
data  collection  module  M2DBPR  and  a  6  sec  data  block 
processing  module  M1PDBR.  executes  the  following  functions 

1  Collects  SV  data  from  receiver  software 

2  Performs  data  validity  check  for  each  SV  subframe  and  each 

data  block 

3  If  SV  block  I  is  valid,  processes  data  for  SV ' s  or  GT's 

4  If  SV  block  II  is  valid  processes  ephemeris  data  for  SV ' s 

3  If  SV  block  III  is  valid  processes  almanac  data  for  SV's 

6  Flag*  data  block  processing  status  to  Receiver  and  Master 

Control  subsystems 

3282  Processing 

The  overall  configuration  of  the  SV/CT  data  block 
processing  function  is  shown  in  Figure  3  2-15  During  the 
data  recovery  cycle.  M2DBPR  receives  from  the  receiver 
subsystem  24  bit  words  of  data,  one  word  at  a  time,  which  it 
assembles  into  complete  data  block*  for  processing  by  the 
module  M1PDBR  For  satellite  data  it  collects  words  0.  9 

and  10  of  subframe  1  (Data  Block  I)  and  words  3  through  10 
of  subframe  2  and  3  (Data  Block  II)  In  Automatic  Almanac 
Acquisition  mode  it  collects  words  3  through  10  of  subframe 
5  (Data  Block  III)  for  each  of  the  SV's  for  which  an  almanac 
is  being  transmitted 

The  enabling  flag  MCDBFL  is  set  by  M2DBPR  when  it 


PACE  121 


* 


collect*  date  »uf  f  k  lent  to  proc»ti  a  data  block  If  MCUUft 
■  l  or  3  then  H1PDBP  cell*  M2DBS1  to  proce**  date  block  1. 
if  HCDBFL“2  then  M2DBS2  i«  celled  to  proceu  dete  block  11 
If  MCDBFL*5.  P12D8S3  i*  celled  to  proceit  dete  block  III 
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The  Coordinate  Transformation  Function  Is  implamantad 
bg  tha  S/W  Modules  M1XFRM  (2  sac).  M2EFLD  (2  sac).  M2MCCP  (2 
sac).  M20PMC  <2  sac)  M2MSLH  (2  sac),  and  M20SMC  (2  sac) 

Tha  coordinate  transf ormat i on  function  perform  tha 
f  o 1  lowing 

1  Convert  HCRS  to  LAT/t.ONC  (  semic  ire  le.  WCS-72) 

2  Convert  LAT/LONC  (local)  to  L AT /LONG  ( sem 1 c I r c 1  a . WCS-72 ) 

3  Convert  LAT/LONC  (local),  mean  sea  level  altitude  to  earth 

f i ted  coordinates 

4  Convert  MCRS  MSL  altitude  to  earth  fiied  coordinates 
3  Convert  earth  fiied  coordinates  to  MCRS.  MSL  altitude 

6  Convert  earth  fiied  coordinates  to  LAT/LONC  (local)  MSL 
altitude 

7  Convert  earth  fiied  coordinates  to  LAT/LONC  ( s em i c 1 r c 1  a . WCS- 7 

and  convergence  angle 

8  Convert  LAT/LONC  (semic ire le. UCS-7J)  to  LAT/LONG  (local) 

9  Convert  LAT/LONC  ( semi c ire le. UCS-72)  to  MCRS 


The  overall  c on f i g ur a t i on  of  the  coordinate 
transformation  function  is  shown  in  Figure  3  2-16  Whan  tha 
coordinate  conversion  code.  MCXOCD.  is  set  to  a  non-iero 
value.  M1XFRM  schedules  the  data  t r ans f or ma 1 1  on  between 
either  earth  fiied  or  1  a t i t ud e / 1 ong i t ud e  for  the  WCS-72 
datum  and  either  (JTH-H  i  1  1 1  ar  g  Orid  coordinates  or  local 
datum  lat i tuda/ 1 ong  i  tuda  and  mean  sea  level  altitude, 
depending  on  the  value  of  the  conversion  code  and  the  value 
of  the  datum  ID  number 
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3  2  10  CPU  Control 


3  2  10  1  Function*!  1  qn 

Th •  CDU  Control  Function  is  imp limtnttd  by  th*  S/W 
Modulo*  M1S100  ( 1 00ms ) >  M2NCDF  (100  ms).  M2PRMT  (100  ms), 

and  M2CDMI  (20  ms) 

Th*  CDU  control  software  ntcutis  the  following 
f unc  1 1 ons 

1  Accepts  Input  data  through  first  and  second  level  prompting 

(see  CDU  prompting  table  3  2-4) 

2  Decodes  and  initiates 

MIS  Request 

Radio  transmission  command 
Ephemeris  Update  Au t h or i i a t l on 
NAV  Mode  command 

New  SV  acquisition  a u t h or  i  i a t  l  on 
Radio  free  teit  mode  request 
Automatic  Almanac  Acquisition  command 
System  restart  request 
Ram  Almanac  request 

Ionospheric  correction  inhibit  command 
Atmospheric  correction  inhibit  command 
BITE  Command 
Standby  request 
Auto/Manual  mode  selection 

Waypoint  request  (include  Range.  I  AT /LON.  and  MCRS  request) 
Fit  request  (include  altitude  request) 

Time  request 

3  Displays  data  and  system  warning  message 

4  Flashes  error  code  for  CDU  operational  error 
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TABLE  325  SYSTl M  WARNING  MESSAGES 


■r*; 


Low  Battery 
Comp  1 e  t  e 

Need  Ephemeris  Update  Authorization 
Fatal  System  Error 
Altitude  Required 

I  n  1 1 1  a  1  i  t  a  1 1  on  Required  for  First  Fn 
Need  New  SV  Search  Au t h or l i a 1 1  on 
Position  Error  Eicessive 
Receiver  Failure 
Too  Few  SV ' s 

Eicessive  Reac qu l s i t i on  Time 
Clock  Error  Eicessive 

System  Variable  Previously  Initialized 
First  Fii  or  Automatic  Fii  Display 
pending 

Processor  Error 

Operator  Input  Prohibited 

Initiate  Keyboard  Test  (BIT) 

SV  C/NO  below  threshold 

Illegal  Keystroke  obtained 

Illegal  Hardware  Keystroke  Obtained 
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3  2  10  2  Proc  mma 

The  overall  control  and  data  flow  configuration  of  the 
CDU  control  tail  it  ihown  in  Figur*  3  2-17  The  main  CDU 
control  module  MISIOO  procettet  (1)  the  navigation 
l n i t l a  1 l I  a t  i  on  control  and  (2)  the  control  display  unit 
control  when  CDU  I/O  it  requested  by  the  system  or 
operator  In  the  C DU  control  portion.  M1S1 OO  handles  the 
system  warning  message  display  (see  table  3  2-5).  BITE 
monitoring  and  BITE  preprocessing  It  calls  H2CDUF  for  the 

processing  of  operator  commands  to  the  system  When  CDU 

prompting  is  initiated  by  the  operator  for  data  input. 
MISIOO  calls  H2PPN T  for  prompting  control  It  also  calls 
M2NCDF  for  I/O  data  formatting  processing 

M2CDMI  is  responsible  for  all  software  interactions 
with  the  C DU  It  accepts  inputs  from  the  C DU  and  supplies 
outputs  to  it 

Inputs  are  accepted  one  per  20-msec  period  An  input 
consists  of  a  16-bit  word  advising  of  s t an d b y / op e r a t e  mode 
changes,  keystroke  entries,  and  value  of  keystroke 

H2CDf1I  is  aware  of  the  CDU  control  state  since  it  has 

access  to  the  CDU  control  state  data  base  N2CDWI  also  has 

an  input  template  telling  it  what  to  do  with  data  entries 

Thus,  when  the  operator  makes  a  keystroke  entry.  M2CDHI 
decides  if  the  entry  is  a  control  entry  or  a  data  entry 
For  the  entry  to  be  a  data  entry,  the  prompting  data  I/O 
flag  obtained  from  the  prompting  data  base  must  be  set  to 
input  If  the  flag  is  set  to  output.  M2CDt1l  ignores  any 
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data  entry  Howtvtr,  if  this  flag  is  set  to  input.  M2CDMI 


uses  the  input  template  obtained  from  the  prompting  data 
base  to  determine  if  the  entrg  is  a  control  entry.  a  valid 
data  entry,  or  an  invalid  data  entry  If  the  data  entry  is 
valid.  M2CDMI  puts  the  entry  into  the  correct  location  in 
the  desur ed -s ta t e-o f -d i sp  1  ay  data  base  for  echoing  back  to 
the  display  It  also  puts  the  entry  y  into  the  CDU  input 

buffer  for  subsequent  use  by  the  software  Anytime  that  a 
data  entry  has  been  completed.  M2CDMI  determines  this  fact 
a  rid  sets  the  data  available  semaphore  in  the  CDU  input 
buffer  This  flag  allows  the  remainder  of  the  software  to 
process  the  data  entry  stored  in  the  input  message 
Whenever  M2CDHI  sets  the  data  available  semaphore.  it  also 
sets  the  lock-out  flag  in  order  to  not  accept  further  CDU 
inputs  until  MISIOO  returns  the  lock-out  flag  to  the  input 
state 

M2C  DM  I  is  able  to  determine  the  correct  length  of  the 
data  entry  using  the  input  template  furnished  to  it  by 
MISIOO  via  the  prompting  data  base 

If  the  entry  is  invalid  HSC.  DM  I  determines  the  correct 
error  code  and  causes  this  error  code  to  be  displayed  It 

does  this  by  putting  the  error  code  into  the  C DU  control 
data  base  and  then  displaying  the  contents  of  this  data 
base  Other  software  elements  may  be  used  to  put  error 
codes  into  this  data  base  but  the  operator  input  errors  have 
the  highest  priority  for  a  simmer  y  illustration  of  the  CDU 
display  format  and  prompting  control  algorithm.  refer  to 
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SEL  nn 


CLR 

ENT 


Put*  CD'J  into  Input  Mod* 

Position*  First  -  L*v*l  -  Prompting  at  nn 

Set*  m  ■  0 

If  no  Value  of  nn  Given  or  nn  Out  of  Rang*,  Then 
SEL  Advances  Fir»t  -  Level  -  Prompting  bg  On* 

nn  ■  Reset*  First  -  Level  Prompting  to  Zero 

and  Remove*  CDU  from  Input  Mod* 

Move*  CDU  to  Second  -  Level  Prompting  at  Entrg  m 

If  No  Valu*  of  m  Given  or  m  Out  of  Range.  Then 
Advance*  Second  -  Level  Prompting  bg  On* 

Clears  Data  from  Input  Displag 

Remove*  Current  Second  -  Level  Prompting 

Enter*  Data  from  Input  Ditplag 

Return*  Second  -  Level  -  Prompting  at  La*t  Value 
of  nn  and  m 


Figure  3  2-20  Prompting  Control 
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Figure  3.2-21.  Prompting  Operation 


3  2  11  ElQfl  (Laninal 


3  2  111  Functional 

The  S/W  Modules  M3LSB0.  M3LSBZ .  M3STIM.  M3CDUO, 
M3STLR.  M3RTIM,  end  M30DH0  implement  control  of  the  EIOM 
utilities 

The  EIOM  control  utility  modules  interface  between  the 
system  end  the  EIOM  through  the  9900  communication  register 
unit  (CRU)  These  I/O  service  routines  manipulate  the 

contents  of  a  user-specified  CRU  address  by  setting  a  bit  to 
one  (or  iero)  They  also  input  or  output  a  16-bit  word  from 
or  to  the  CRU  during  each  calling  sequence 

3  2  112  PraLU1  IP.  a 
M3LSB0 
M3LSBZ 
M3STIM 
M3CDU0 
M3STCR 
M3RTIM 
M30DM0 

3  2  12  SMfMlTU 

3  2  12  l  Module  ani  Function  Map  a.  in  m 


set  CRU  bit  to  one 
set  CRU  bit  to  iero 

initialwe  and  start  standby  timer 

CDU  output  service 

read  CRU  b i t 

read  standby  timer 

DHO/MIS  output  service 
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As  a  summary.  tib 1 •  3  2-5  list*  all  the  master  control 
modules  and  their  functions  These  modules  are  classified 
in  terms  of  each  of  the  eleven  tasks  described  in  the 
previous  paragraphs 

3  2  12  2  Control  Flow 

Figure  3  2-22  shows  the  calling  and  activating  sequence 
of  the  Master  Control  modules  during  the  MVUE  operational 
period 

3  2  12  3  Su»t*w  T  lme-Lme 

The  overall  MVUE  processor  time-line  of  master  control 
modules  consists  of  two  parts  (1)  System  time-line  during 
TTFF  per;od  and  (2)  System  time-line  in  steady  state 
Figures  3  2-23  and  3  2-24  shows  the  time-lines  <1)  and  <2) 
respectively 
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Table  3  2-3  Task  Claitif lcation  for  Modules 
in  Master  Control  Subsystem 


1  System  Start-Up  Control 

a  M1ST5M  -  schedules  cold/warm  start,  system  restart  process 
and  BIT  mode 


2  SV  Acquisition  Control 

a  MJNS20  -  receiver  mode  control.  Nav  aiding  control.  Nav  filter 
l n 1 1 1 a  1 1 1 a t i on  control,  eiecutive  FTF  resync  control 

3  SV  Reac qu l s 1 1 1  on  and  Navigation  Control 

a  M1NSVC  -  Nav  aiding  control.  Nav  inner  and  outer  loop  SV 
control,  ionospheric  correction  scheduling, 
degraded  mode  navigation  control 
B  M2RM0D  -  receiver  mode  control 

c  M2RMDC  -  receiver  mode  selection  and  status  check 
d  M2EPHM  -  ephemeris  update  control 
e  M2STAT  -  SV  status  recording  service 


4  Fii  Control 

a  Ml  NS  T2  -  prepare  data  for  position  fii 

3  Way  p  oint  Control 

a  M1NSWC  -  waypoint  display,  range  and  bearing  to  selected 
waypoint  calculation 

6  C/NO  Monitoring  and  Filtering 

a  M1CNSV  -  SV  Signal-to-noise  ratio  calculation 


7  MVUE  Instrumentation  Control  and  System  Status  Monitoring 

a  M1NSDT  -  system  imtialiiation.  status  monitoring,  MIS  control 
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Table  3  2-5  Master  Control  Modules  (continued) 


8  Data  Block  Processing 

a  M1PDBR  -  data  block  processing 
b  M2DBPR  -  SV  data  collection 
c  M2DBS1  -  data  block  1  service 
d  M2DBS2  -  data  block  II  service 
e  M2DBS3  -  data  block  III  service 
f  M2M0VE  -  data  mover 


V 


Coord inate 
a  M1XFRM 
b  M2EFLD 
c  H2GPMC 
d  M2MCCP 
e  M2MSLH 
f  M20SMG 


Tan s f o rma t i on  Service 

-  coordinate  conversion  control 

-  geodetic  and  WCS-72  geodetic  conversion 

-  geographic  position  to  MCRS  conversion 

-  MGRS  to  geographic  position  conversion 

-  mean  sea  level  computation 

-  offset  to  MGRS  row  ID  computation 


10  CDU  Control 

a  M1S100  -  CDU  I/O  control 
b  M2CDMI  -  CDU  I/O  and  MIS  I/O  service 
c  M2CDUF  -  CDU  function  control 
d  M2PRMT  -  CDU  prompting  control 
e  M2NCDF  -  data  formatting  service 


1  i  El OM  control  Utilities 

a  M3LSB0  -  set  CRU  bit  to  one 
b  M3LS8Z  -  set  CRU  bit  to  lero 
c  M3STIM  -  start  standby  timer 
d  M3CDU0  -  CDU  data  output  service 
e  M3STCR  -  read  CRU  bit 
f  M3RTIM  -  read  standby  timer 
g  M30DH0  -  DHO/MIS  data  output  service 
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Master  Control  Subsystem  Flow 


Figure  3 - 2-23.  Time-Line  of  Master  Control  for  Period  before  F  rst  Fix 


see 


Control  in  Steady  State 


3  3  HVUE  NAVIGATION  SUBSYSTFM 


3  3  1  Ovr  v  1  tut 

The  prinjrg  purpoti  of  th»  n<»igjt  ion  lubtgtttm  >*  to 
conputl  the  uur't  position  in  an  »«rth-c»ntir*d. 

urth-Ii  ltd  coordinate  system  usinq  the  time  and  range 
measurement  information  sent  from  the  receiver,  and  using 
the  orbit  parameters  for  the  ^satellites  (O'-  ground 
transmitters)  sent  in  the  data  message  from  the  satellite 
The  navigation  subsystem  s  operation  will  be  described  in 
terms  of  four  major  functions  and  several  supplemental 

functions 

These  functions  and  the  associated  software  modules 
which  implement  these  function s  are  as  follows 
1  Navigation  Filter 
a  Inner  Loop 

N 1  MM  I T  -  Measurement  i nc o r p o r a t  l  on / s t a t e  update 
N?MNFQ  -  State  propagation 
N2MRNC  -  Range  computation 
b  Outer  Loop 

NIHNEl  -  Outer  Loop  control 

N2ME0T  -  Computation  of  matrii  relating 
measurements  to  user  state 
N2MCPR  -  Error  covariance  propagation 
N2HC UP  -  Error  covariance  update  and  filter  gains 
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c  omp  utdtion 


2  Measurement  Computations  and  Corrections 

N1MNVT  -  Navigation  control  task 

N2MSC I  -  N#asurmi*nt  and  satellite  clock  correction 
c  omp  utat ions 

N2MINC  -  Atmospheric  corrections  for  range 
measurements 

3  Satellite  Position  and  Con s t e 1 1  a t i on  Selection 

N1MSVT  -  Control  task 

N2MSVP  -  Quadratic  fit  coefficient  computations 
N2MSVE  -  Satellite  position  computations 
N2MSVS  -  Satellite  constellation  selection 

4  Receiver  Aiding 

N2MA I D  Range  and  range  rate  computations 

5  Supplemental  Functions 

a  Initialization 
b  Spherical  Error  Estimate 
c  Stationary  User  State  Smoothing 
d  Range  Bias  Rate  Mom  t(  ring 
The  functions  listed  above  are  not  entirely  separable 
and  overlap  somewhat  within  the  associated  modules  For 
e i amp  1 e •  the  computation  of  range  bg  N2MRNG  is  used  in  the 

outer  loop  and  for  receiver  range  aiding  although  it  is 
listed  as  an  inner  loop  navigation  filter  associated 

module  All  navigation  modules  are  listed  above  eicept  for 

N1HINT  which  is  the  control  task  for  inner  and  outer  loop 
computations  during  the  satellite  acquisition  period  only 
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The  N«vig4tlon  Subsystem  u  t i  I  i  j  n  the  following  ddtd 
ttti  to  coiMiunic^t*  between  module*  end  to  communicate  with 
the  other  tubtgit  eiM 

1  NAQINR  -  Inner  Loop  Variable* 

Include*  the  u*er'«  itate  and  time 

2  NBOOUT  -  Outer  Loop  Variable* 

Include*  the  U-D  formulation  covariance  matrii 

3  NCCIOU  -  Inner/Outer  Loop  Variable* 

Include*  the  filter  gain* 

4  NDCSYS  -  Common  Support  and  I n l t l a  1 i i a t  l  on  Variable* 

Contain*  a  collection  of  variable*  which  are  system 
constant*,  or  are  used  in  more  than  one  task 
Include*  inner  and  outer  loop  SV  ID  identifier 
3  NECNST  -  Global  Con»tant* 

6  NfITCN  -  Intratask  Constant* 

7  NCCSVP  -  Satellite  Position  Variable* 

Collection  of  SV  variable*  used  by  the  SV  Selection/ 
position  task 

8  NM  I N  I  T  Na  v  l  g  a  t  l  on /Ma  *  t  e  r  Control  Interface  Variable* 

Contain*  variable*  required  bg  Master  Control  during 
i n i 1 1 a  1  l i a 1 1 on  and  satellite  acquisition 

9  NHSIFC  -  Navi  gat  1 on/Hat ter  Control  Interface  Variables 

Contains  user  state  variable*  pasted  to  matter  control 

10  NR  A I Df  -  Receiver  Aiding  Data 

Contain*  navigation  data  needed  bg  the  receiver  for 
SV  ac qu 1 • 1 t l on/r eac qu i s i t i on 

11  NRTIMF  -  Precision  Time  Data 


PACE  146 


Contain*  the  information  needed  by  the  r*tiiv»r  for  SV 
acqum  tion/rtacqumtion 

12  NMDMOB  -  Data  Handovtr  Variable* 

Not  uttd  in  final  system 

13  NNAPPL  -  Satellite  Selection  Variable* 

Include*  the  elevation  array  and  number  of  SV* 

14  NVASEL  -  RAN  Almanac  Selection  Flag 

15  NNRALN  -  Satellite  Almanac  Variable* 

Contain*  almanac  data  located  in  PRON 
The  navigation  *ub*y*tem  ha*  two  primary  mode*  of  operation 
a  *  foil  out 

1  Satellite  ac qu 1 » 1 1  i  on/ f  i  1  ter  l n l t l a  1 1 ( at i on  mode 

2  Steady-vtate  mode 

In  addition  the  »ub»y*tem  ha*  two  degraded  mode*  which 
are  invoked  whenever  the  HVUE  System  i*  receiving 
measurement*  from  let*  than  four  signal  source*  They  are  a* 
foil ow« 

1  Altitude  hold  mode  -  invoked  whenever  only  three 
•ignal  source*  are  available  for  measurement*  In  this 
mode,  the  range  from  the  u*er  to  the  center  of  the  earth 
1*  computed  and  u«ed  as  a  fourth  measurement 

2  Altitude  hold/time  freeie  mode  -  invoked  whenever  only 
two  signal  source*  are  available  for  measurement*  In 
this  mode-  the  range  from  the  u«er  to  the  center  of  the 
earth  is  used  a*  an  additional  measurement,  and  the  time 
bias  state*  are  not  updated  which  allow*  a  navigation 
solution  for  position 


PACE  147 


The  overall  structure  of  the  navigation  subsystem  for 
the  two  primary  modes  of  operation  is  depicted  in  Figure 
3  3-1  and  3  3-2  in  these  figures  the  lines  without  arrows 
indicate  module  calls  and  the  lines  with  arrows  indicate  the 
flow  of  the  essential  data  in  and  out  of  the  subsystem 

Computations  in  the  navigation  subsystem  are  in  scaled 
units  in  order  to  maiimiie  the  accurracy  of  the  REAL*4 
floating  point  computations  Distance  computations  are  in 
units  of  1/17  p-chip  where  1/17  p-chip  »  1  7238368  meters 
Angular  computations  are  in  units  of  semicircles  where  one 
semicircle  ■  PI  radians  ■  100  degrees 
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Figure  3.3-2.  Navigation  Subsystem  Structure  Steady-State  Mode 


The  heart  of  the  navigation  subsystem  is  a  luboptional 
Kalman  data  proctmng  filter  whose  output  is  an  estimate  of 
the  current  position  and  velocity  state  of  the  user  The 

user  state  is  an  eight  component  vector  denoted  by  X  The 

components  of  &  are  position  (i.y.i),  veloci  ty 
(idot.ydot. idot).  range  bias  rb.  and  range  bias  rate  rbdot 
The  user's  position  and  velocity  is  expressed  in  a  right 
handed.  cartesian.  earth  centered,  earth-fiied  coordinate 
system.  whose  origin  is  at  the  center  of  the  WCS-72 
spheroid  The  variables  rb  and  rbdot  are  the  user's  clock 
bias  and  clock  bias  rate  multiplied  by  the  s p ee d -o f - 1 1 g h t 

In  theory,  the  ranqe  bias  state  rb  is  the  total  bias  in 
the  user's  clock  multiplied  by  the  s p e ed  -  o f -  1 i g h t  However, 
in  order  to  maintain  accuracy  in  REAL«4.  a  constant  equal  to 
the  estimate  of  the  initial  time  bias  when  the  first 
satellite  is  acquired  is  subtracted  from  the  total  time 
bias  Thus  the  range  bias  state  rb  is  related  to  the  total 
user  clock  bias  by  the  equation 

rb  -  C  <  TU  -  TC  > 

TU  •  total  user  clock  bias 

TC  “  constant  "  initial  estimate  of  user  clock  bias 
C  ■  speed  of  light 

The  operation  of  the  Kalman  filter  can  be  partitioned 
into  the  following  processes 


i 
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(1)  User  State  propagation 

(2)  Covariance  propagation 

(3)  Filter  gain*  computation 

(4)  Covariance  update 
( 5 >  U»tr  itate  update 

Normally  a  Kalman  filter  proceed*  through  these  processes 
in  the  order  shown  above  and  all  the  processes  are  done  at 
the  same  rate  However,  in  the  MVUE  implementation  of  the 
Kalman  filter,  the  user  state  propagation  and  user  state 
update  are  performed  every  two  seconds.  whereas  the 
covariance  propagation.  gains  computation,  and  covariance 
update  are  performed  every  twenty-four  seconds  It  is 

possible  to  operate  the  filter  in  this  fashion  because  of 
the  relatively  slow  variation  of  the  filter  gains  and 
covariance  as  a  function  of  time  The  two-second  filter 
computations  are  defined  as  Inner  Loop  operations.  and  the 
twenty-four  second  filter  computations  are  defined  as  Outer 
Loop  operations 

3  3  2  1  Navigation  li’OJLL  LSLSfL 

33211  yitl  Stttl  Propagation 

The  user's  state  £.  is  propagated  according  to  the  equation 

I<t  ♦  dt>  -  EMI  £'<t> 
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where  X'(t)  dtnot«i  the  updated  (or  "best  estimate")  user 
state  at  time  t  and  PHI  is  an  B  by  B  transition  matrii  and 
has  the  following  ma t r i i  elements 

PHI  (1.1)  -  PHI  (2.  2)  -  PHJ_(  3.3)  =  1 

PHI (4,4)  -  PHI (5. 5)  -  PHI (6. 6)  -  EXP(dt/TV> 

PHI (8. 8)  -  dt 

PHI  (  1  .  4  )  •  PHI  (2.5)  -  PHJ.  (3.6)  -  TV  •  (  1 -E  XP  <  d  t  /  TV  )  ) 

All  other  elements  of  PHI  are  0  The  time  of  propagation  dt 
is  2  seconds,  and  TV  is  defined  as  the  velocity  correlation 
time  The  preceding  tasks  are  performed  in  the  module 

N2HNEQ 

3  3  2  12  User  State  VBdat»/fi*asv’  emrnt  Incorporation 

The  user's  state  is  updated  to  give  the  Kalman  filter's 
best  estimate  of  the  current  state  using  the  equation 

i'(t*dt)  *  X(t-sdt)  ♦  )^<  I  )  •  Z(I) 

In  this  equation.  )^(  I  )  is  the  gain  vector  for  satellite  I. 
and  Z(I)  is  the  measurement  residual  for  the  range 
measurement  to  satellite  I  The  elements  of  )^(  I  )  are 
computed  in  the  Outer  Loop  and  will  be  defined  later  The 
residual  Z(I>  is  computed  from 

Z ( I >  •  PM< I )  -  PC ( I ) 
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where  RH(  I  >  it  the  mri  turfi)  range  to  satellite  1  (tee  para 
3331)  bated  on  receiver  raw  measurement  data  and  RC(I)  it 
the  computed  range  to  tatellite  I  bated  on  the  current 
estimate  of  the  uter  state  and  the  satellite  position  In 

the  MVUE  implementation  of  the  update  equation,  the  elements 
of  ky_I )  are  multiplied  by  10  when  updating  the  velocitg  and 
range  bias  rate  components  of  the  state  This  is  not  a 

standard  implementation  but  gives  the  MVUE  an  improved 
performance  when  the  sgstem  is  dynamic  and  does  not  degrade 
the  performance  while  the  system  is  static 

The  state  is  propagated  and  updated  every  two  seconds 
Each  update  is  based  on  a  new  measurement  from  a  particular 
satellite  One  satellite  measurement  is  made  by  the 

receiver  in  each  two  second  period  and  up  to  sii  satellite 
measurements  may  be  made  according  the  satellite  sequence 
scheme  shown  in  Figure  3  3-3  A  measurement  at  L2  frequency 
is  made  during  the  ionospheric  cycle  shown  in  the  figure, 
and  this  measurement  is  used  along  with  the  preceding 
measurement  at  LI  frequency  to  compute  a  correction  for  the 
delay  of  the  signal  caused  by  the  ionosphere  The  state  is 


updated 

only  on  cycles 

where 

a  measurement 

at 

t  h  e 

LI 

frequency  is  available. 

thus. 

the 

state  is 

not 

updated 

during 

an  ionospheric 

cycle 

The 

preceding 

tasks 

are 

performed  in  the  module  N1MMIT 
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3  3  2  13 


Rinas. 


The  c  urr  en t  best 

estimate 

o  f 

the  range  RC 

t  o 

d 

satellite  is  computed  using  the  i. 

Y  • 

i  c  omp  onen  t  s 

0  f 

the 

user's  estimated  state 

and  the 

1 1 

g .  i  c omp  onen  t  s 

o  f 

the 

satellite's  position  at  the  time  when  the  signal  is 
transmitted  from  the  satellite  The  satellite's  position 
components  are  computed  using  quadratic  fit  coefficients 
which  are  computed  bg  the  Satellite  Position  Computations 
and  Constellation  Selection  Function  (Section  3  3  4)  The 

equations  for  computing  the  satellite  «.  g.  i  components 
using  the  fit  coefficients  are  of  the  form 

SP  -  FO  ♦  FI  •  ( t -FT  > / i 20  ♦  F2  *  < < t -FT ) / 120 ) **2 ) 

where  there  is  an  equation  of  this  form  for  each  component 
of  the  satellite's  position  arid 

SP  ■  i.g.i  components  of  satellite  position  denoted  below 
in  the  range  computation  equation  as  is.gs.  is 

FO  «  i.g. i  components  of  iero-th  order  fit  coefficients 

FI  *  i.g. i  components  of  first  order  fit  coefficients 

F2  »  i.g. i  components  of  second  order  fit  coefficients 

FT  -  time  at  center  of  quadratic  fit  to  120  seconds  of 
satellite  orbit 
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The  *  a  t  *  1  1  i  t  e  *  i.  y  .  i  poution  components  <re  corrected 
for  the  earth*  rotation  during  the  time  that  the  signal  is 
traveling  from  the  satellite  to  the  user  and  then  the  range 
RC  is  computed  from 

RC  ■  SGR T ( ( i s~ » > e«2  ♦  (ys-y)e»2  ♦  <is-i>e#2) 

where  is.ys.  and  xs  are  the  components  of  the  satellite's 
position  and  i,  y.  and  x  are  the  components  of  the  estimated 
user's  position 

The  preceding  tasks  are  performed  in  the  module 
N2MRNC 

3  3  2  2  NjjvjLAAlJLSQ  ELlllIL!. 

3  3  2  2  1  E.ri_ar  CfiLYlLi.Jl.TlAJ  Pr PBlfllt 1QH 

The  error  covariance  is  an  B  by  8  matrii  which 
represents  an  estimate  of  the  uncertainty  in  the  estimate  of 
the  user  s  state  This  covariance  here  denoted  by  £QV.  is 
propagated  every  i’4  seconds  according  to  the  matrii  equation 

CQV ( t ♦ d  t  >  -  PHI  •  COV ‘  <  t  >  •  PH1T  ♦  $ 

where  CQV  *  denotes  the  updated  (or  "best  estimate") 
covariance  at  time  t.  dt  is  the  propagation  interval  equal 
to  24  seconds.  Pfcjl.  is  the  outer  loop  transition  matrii.  PHI  T 
is  the  transpose  of  PHI  -  and  8  is  a  column  vector  whose 
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component*  are  tirmt  known  a \  proetti  noitf  The  proeftt 
noiti  term*  a*  implemented  in  HVUF  are  constant*  (If  filter 
adaptation  had  been  added  to  the  MVUE  design.  these  process 
noise  terms  would  have  been  used  to  adapt  the  covariance  to 
system  conditions  based  on  the  current  magnitudes  of 
measurement  residuals  )  The  Outer  Loop  transition  matrix 
PHI  is  identical  in  form  to  the  Inner  Loop  transition  matrii 
PHI  except  that  the  time  of  propagation  constant  dt  is  given 
the  value  24  sec  corresponding  to  the  longer  propagation 
t  i  me 

In  reality  the  above  equations  are  not  carried  out 
directly  For  c omp u t a t i on a  1  accuracy  and  stability.  the 
covariance  is  decomposed  in  the  form 

COV  -  U  •  ft  *  UI 

where  y  is  an  upper  triangular  8  by  8  matrix  with  all 
diagonal  entries  equal  1.  yX  is  the  transpose  of  y.  and  £)  is 
a  diagonal  matrix  with  positive  diagonal  entries  The  y  and 
Q  elements  are  stored  in  the  HVUE  in  a  single  8  *  8  matrix 

whose  off  diagonal  entries  are  the  off  diagonal  elements  of 
y  and  whose  diagonal  entries  are  the  diagonal  elements  of 

Q 

The  PHI  •  CQV  •  PHI T  computations  are  performed  in  the 
y  -  Q  formulation  The  actual  covariance  is  computed  from 

cqv  -  y  •  o  •  yi 


PAOE  158 


and  the  matrii  Q  it  added  to  the  result 


A  Mod  if  led 


C  h  o  1  •  *  k  y  Decomposition  formula  is  then  used  to  transform  the 
resulting  propagated  covariance  back  to  the  y-Q  form  The 
MVUE  system  always  stores  the  covariance  in  the  W'C 
formulation  (but  in  a  single  0  by  8  matrii  as  described 
earlier)  If  the  true  covariance  representing  state 

estimation  uncertainty  is  desired.  it  must  always  be 
computed  from  the  elements 

The  covariance  propagation  tasks  are  performed  in  the 
module  N2tiCPR 

3  3  2  2  2  EJirii  Pay  tin  ann  and.  filter  Cains 

IV  P 

The  filter  gains  £  for  a  particular  satellite 
measurement  incorporation  are  computed  by  the  equation 

A  -  CQV  •  tU/<£  •  CQV  •  tLL  ♦  N> 

where 

COLV  "  Covariance  matrii  after  propagation 

ti  "  matrii  relating  particular  satellite  ranqe  measurement 
and  user  state  defined  m  paragraph  3223 
HT  »  transpose  of  (j 

N  •  Variance  of  receiver  range  measurement  noise  for  the 
particular  satellite  (The  value  is  a  preset  constant) 
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The  error  covirunci  it  updated  according  to  the  equation 


I 

GOV  -  <1  ~  *  •  H>  •  CQV 

where  the  prime  denotes  the  updated  value  of  the  covariance 
and  X  is  the  8  by  8  unity  matrii  with  diagonal  elements 
equal  1  and  off  diagonal  elements  equal  0 

In  actuality.  these  equations  are  not  implemented 
directly,  since  the  covariance  is  decomposed  into  a  y-g 
formulation  as  defined  in  3  3  2  2  1  All  computations  are 
computed  in  the  formulation  and  the  actual  covariance  is 

never  computed  or  used  The  covariance  update  and  gains 
computation  tasks  are  performed  in  the  module  N2HCUP  The 
gams  for  only  one  satellite  are  computed  in  each  24  second 
outer  loop  Thus,  new  gains  for  a  particular  satellite  are 
computed  once  every  96  seconds  when  tracking  4  satellites, 
once  every  120  seconds  for  3  satellite,  and  once  every  144 
seconds  for  6  satellites 

3  3  2  2  3  C_ggJjLV jAl.i-gJl  Ci  PbtlT.UL  BJLSJLLSIAI 

ttiii-wrigtPt.1  La  Wull  &LaLi 

This  *atri •  is  actually  a  row  vector  H  with  the 
following  components 

y( 1 )  -  (i-ii) /RC 

y<2>  -  (y-ys>/RC 
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ti<3>  •  (i-i*)/RC 


H  ( 4 )  -  tj<5>  -  H<<>)  -  H  ( 8 )  -  0 

ti<7>  ”  "I 


whirl  i.  g.  and  t  are  the  potltion  conponinti  of  the  user's 
vtiti  victor,  it.  gv.  and  it  iri  thi  potltion  conponintt  of 
a  particular  t«ti 1 1 i t i.  and  RC  it  thi  romputid  rang*  to  the 
tat* 1 1 i te 

If  the  igttm  it  in  a  degraded  mode  and  the  FJ  matrii 
for  altitude  hold  it  being  computed,  the  equations  are  the 
tame  eicept  it.  gt.  and  it  equal  zero  and  US)  -  O 
The  tasks  are  performed  in  the  module  N2HF0* 

3  3  3  Qjt  tU-V.r.tflttP- 1  CBWflWtatlQnt  and  £_gr  r  {iUan.t  EuniUon 

Thit  function  it  retpontible  for  computing  the  meatured 
range  to  each  tatellite  bated  on  raw  receiver  measurement 
data  and  for  correcting  thit  measurement  for  satellite  clock 
error  and  atmospheric  propagation  delag  errors 


3  3  3  1  flUturgg  fLUTi.! 

The  meatured  range  RH  it  computed  based  on  receiver 
measurements  for  a  particular  satellite  according  to  the 
equa 1 t i on 


RH  -  0  03  C  <  User  FTP  -  SV  FTF  >- 
PR  ♦  rb  ♦  C  <  TS  -  TE  ♦  TC  > 
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where 


C  ■  Speed  of  light  in  1/17  pchip/second  unit* 

USER  FTF  •  User  clock  20  millmcond  count  tinct  the 
preceding  midnight  Sa t ur dag /Sunday 
SV  FTF  ■  Satellite  Clock  20  millisecond  count  unci 
the  preceding  midnight  Setur deg /Sunday 
PR  ■  Pteudo  range  count  in  1/17  pchip  unit* 
rb  ■  U*er  range  bia*  state 
TS  ”  Satellite  clock  correction 
TE  •  Ateoiphenc  delag  correction 
TC  •  Initial  estimate  of  u**r'%  clock  bia* 

The  relationship*  between  the  various  clock*  and  the  true 
range  R  from  the  u«er  to  the  satellite  are  depicted  in 
Figure  3  3-4 

The  preceding  task*  are  performed  in  the  module  N2NSC I 
eicept  for  the  addition  of  the  atmospheric  correction  to  the 
measured  range  This  addition  is  done  in  the  module  N1MNVT 
in  steadg-state  and  in  task  N1M1NT  during  satellite 
ac  qu i s 1 1 1 on 


< 
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Figure  3.3-4.  MVUE  Tine  and  tfeasureoent  Relationships 


— 


3  3  3  2  Ataaictitr  i  c  Corf  c  tion> 

T h •  <tmofph*ric  correction  TE  utrd  in  the  nrtiurtd 
range  computation  it  composed  of  an  ionospheric  time  delag 
correction  and  a  tropospheric  time  delag  correction  During 
the  acquisition  mode.  the  corrections  are  both  computed 
according  to  simple  models  which  do  not  require  eng 
measurement  data  During  steadg-state  operation.  the 
corrections  are  computed  once  each  24  seconds  for  a 
particular  satellite  Thus,  when  four  satellites  are  being 
tracked.  the  time  between  atmospheric  correction  updates  is 
96  seconds  for  5  satellites  the  update  time  is  120  seconds 
and  for  6  satellites  is  144  seconds  During  steadg-state 
operation,  the  ionospheric  correction  is  based  on  an  L1/L2 
measurement  technique.  whereas  the  tropospheric  correction 
is  based  on  the  same  model  used  during  the  acquisition 
mode 

The  following  equations  are  used  to  compute  the 

atmospheric  corrections 

(1)  Ionosphere  correction  -  acquisition  mode 
R I  -  -2  15E07  e  RC  /  (RC**2  -  2  237E14) 

<2>  Ionosphere  correction  -  steadg-state  mode 
R I  -  -1  5457278  •  ( PRL2  -  PRL1>  ♦ 

0  60369363* < PRDOT > 

(3)  Troposphere  correction  -  acquisition  and  steadg-state 
RT  »  111-0  2873  •  ALT  ♦  2316  0)  ALT  - 

9  337E6)  #  RC>  /  <RC**2  -  2  237E 1 4 ) 
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In  these  equations. 


RI  “  lomphtn  rang*  measurement  correction  for  a 
particular  satellite  in  units  of  1/17  pchip 
RC  “  Computed  rang*  to  a  particular  satellite 
PRDOT  ■  Sum  of  LI  and  L2  pseudo  range  rate 

m*a i ur  emen t  s 

PRL 1  “  LI  pseudo  range  measurement 
PRL2  “  L2  pseudo  rang*  measurement 
RT  ■  Troposphere  range  measurement  correction 

for  a  particular  satellite  in  units  of  1/17  pchip 
ALT  •  Altitude  of  user  above  UGS-72  spheroid  in  units 
of  1/17  pchip 

Thus,  the  total  atmospheric  time  delag  correction  is  given  bg 

TE  -  (RI  ♦  RT)  /  C 

If  the  signal  source  is  a  ground  transmitter,  no  ionospheric 
corrections  are  made  to  the  measured  range  and  the  troposphere 
correction  is  computed  bg 

RT  -  RC  •  3  13E-4 

where  RC  is  the  computed  rang*  to  the  particular  ground 
tramsi  t  ter 
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The  lonoiphtrt  correction  for  a  particular  satellite  i* 
smoothed  by  applying  an  eiponential  filter  to  the  individual 
correction*  resulting  from  the  individual  L1/L2  pseudo  range 
measurements  The  filter  has  a  6  4  minute  time  constant  and 
1  *  g 1 ven  b y 

RI(t)  -  RI<t-T>  ♦  O  25  •  (R1  -  RI(t-T) 


where 


RI(t)  “  Smoothed  ionosphere  correction  at  time  t 
RI(t-T)  *  Smoothed  ionosphere  correction  at 
time  t - T 

RI  -  Individual  ionosphere  correction  just  computed 
from  L1/L2  measurements 

T  »  Time  delay  since  last  ionosphere  correction 
was  c  amp u t e d 

The  total  atmosphere  correction  is  limited  to  be 
between  lOO  and  -100  1/17  pc  hip 

The  preceding  tasks  are  performed  in  the  module  N2W1 NC 
during  steady-state  and  in  N1MINT  during  satellite 
acquisition 

3  3  3  3  Satfllit*  tiASjL  CjB.rJ.At  *  LAD. 

When  computing  the  measured  range,  a  correction  for 
satellite  clock  error  is  applied  the  satellite  clock 
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correction  TS  is  computed  According  to  the  equation 


TS  ■  AO  ♦  Al  *  (t-tO>  ♦  A2*(t-t0>««2 

where  AO.  Al.  A2.  end  tO  ere  parameter*  whose  value*  are 
found  in  the  data  me**age  from  a  particular  satellite  and  t 
i*  the  current  time  in  second*  relative  to  the  preceding 
midnight  Sa t u r d a g / Sun d a g  The  AO.  Al.  and  tO  parameters  are 
al«o  available  in  the  almanac  satellite  data.  and  A2  is 
assumed  to  be  0  when  correcting  the  clock  based  on  almanac 
data 

This  task  is  performed  in  the  module  N2MSC I 

3  3  4  Sat*  1 1 1 1*  Position  Co<hPutat  ions  #nd  Constel  lation 
Selection  Function 

This  function  is  invoked  everg  two  minutes  during 
steadg-state  and  is  invoked  each  time  a  new  satellite  is 
acquired  during  the  satellite  acquisition  mode  In  addition, 
the  function  is  commanded  once  before  ang  satellites  have 
been  acquired  so  that  an  approximate  range  to  each  satellite 
can  be  computed  based  on  satellite  almanac  data  stored  in 
the  MVUE  prior  to  satellite  acquisition  This  function  can 
be  subdivided  into  the  following  three  subfunctions 

(1)  Satellite  position  computations  (2)  Pit  coefficient 
computations  (3>  Satellite  constellation  selection 
The  position  of  each  satellite  is  computed  for  three 
points  in  time  separated  bg  60  seconds  A  quadratic  fit  is 


PACE  167 


made  to  these  three  point*  and  tha  comtpond  ing  fit 
cotf  f  ic  ltnti  are  used  big  tha  Inner  Loop  every  two  seconds  to 
compute  tha  satellite  position  at  any  desired  time  The 
satellite  constellation  is  selected  based  on  the  visibility 
and  elevation  of  the  satellites  as  determined  from  the 
magnitude  of  the  sate  1 1 i te-to-user  range  The  control  of 
these  tasks  is  performed  in  the  module  N1HSVT 

3341  Sattlllt«  Position  Computations 

The  (i.y.i)  components  of  any  satellite  are  computed 
given  the  orbital  parameters  of  the  satellite,  and  the  time 
for  which  the  position  is  to  be  computed  The  orbital 
parameters  are  obtained  either  from  the  almanac  data  base. 


or  from 

the 

ep  h  emer is  d  a  t a 

which 

is  sent  down  in  the 

data 

from 

the  satellite 

Th  * 

a  1 manac 

data  is 

used 

whenever 

the 

approximate  position 

of  the 

satel 1 ite 

1  s 

needed . 

but 

the  satellite 

has  not  been 

acquired 

and 

ephemeris  data  is  not  avaialbe  Ephemeri*  data  is  used  after 
the  satellite  has  been  acquired  and  a  more  eiact  position 
calculation  is  desired 

Satellite  ep h emer l s / a  1 ma nac  parameters  are  defined  in 
Table  3  3-1  The  computations  involved  in  determining  the  i. 
y.  and  i  components  in  the  earth-fiied.  earth  centered 
cartesian  coordinates  at  time  t  are  summarited  below  the 
equations  used  are  those  defined  in  the  CPS  Phase  I 
Interface  Control  Document  (ICD) 
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<  1 >  Compute  *fin  motion  NO 


NO  *  %  q  r  t  (  MU  /  A  *  *  3  ) 

whrre  MU  is  the  WCS-72  value  of  the  earth's  universal 
g rav 1 ta t 1 ona 1  parameter  NO  is  computed  by  Data  Block 
Processing  (Master  Control  Function)  and  is  stored 
in  the  ep h emer i s /a  1 manac  data  base 
(  2)  Compute  mean  anomaly  MK  at  time  t 
MK  -  MO  ♦  NO«  <  t-TOE ) 

(  3)  Solve  Kepler's  equation  for  the  eccentric  anomaly  EK 
EH  -  MK  -  e  *  Sin  EK 

This  equation  is  solved  for  EK  by  iteration,  with  EK 
initial  lied  to  MK  for  the  first  iteration 
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Table  3  3-1  E p h erne r i s / A  1 mana c  Parameters 


PARAMETER 

DEF IN  IT  ION 

TOE 

GPS  time  of  data  applicability 

A 

Semi-major  aiis  of  orbit 

MO 

Mean  anomaly  at  time  TOE 

e 

Eccentricity  of  orbit 

OMECAO 

Right  ascension  of  the  ascending  node  at 
time  TOE 

OMEOA ' 

Drift  rate  of  the  right  ascension 

10 

Inclination  of  the  orbit 

W 

Argument  of  perigee 

cue.  CUS  • 

Harmonic  coefficients  for  the  argument  of 
latitude  correction 

C  IC.  CIS  * 

Harmonic  coefficients  for  orbit  inclination 
correction 

CRC.  CRS  • 

Harmonic  coefficients  for  satellite  radius 
correction 

•  These  higher  order  correction  parameters  are  not  included 
in  the  almanac  data 
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*  4)  Compute  true  anomaly  VK  from 


cot(VK)  ■  (co»(EK)  -  e>  /  <l-e  coi(EK) ) 
tin(VK)  *  »qrt(l  -  e**2)  « x n ( EK )  /  (1  -  e  cat(EK)  ) 

(  3)  Compute  argument  of  latitude  PHIH 
PHIK  ■  VK  ♦  U 

(  6)  Compute  itcond  harmonic  perturbation  DUK,  DRK. 


and 

DIK  i  f 

ep  h  emer it  d  a  t  a 

1  t 

being 

uted  Ot  herui t  e . 

*  k  i  p 

t  h  e  t  e 

c  omp  utation*. 

and 

*et  perturbation*  to  0 

DUK 

-  CUS 

t  i  n ( 2  PHIK )  ♦ 

cue 

t  o  t  (  2 

PHIK  ) 

DRK 

-  CRU 

c  ot  <  2  PH  IK  >  ♦ 

CRS 

t  i  n  (  2 

PHIK  ) 

DIK 

-  CIC 

c  o  t ( 2  PHIK)  ♦ 

CIS 

*  i  n  (  2 

PHIK  ) 

(  7)  Compute  corrected  argument  of  latitude  UK. 

orbit  radiut  RK.  and  inclination  of  orbit  IK 
UK  -  PH IK  ♦  DUK 
RK  -  A ( 1  -  e  coi< EK  )  )  ♦  DRK 

IK  -  10  ♦  DIK 

<  8)  Compute  longitude  of  attending  node  OMECAK 
OMECAK  -  OHECAO  ♦  (OMEGA '-0MEGAE  >< t-TOE > 

-  DMECAE  '  TOE 

where  OHEOAE '  it  the  earth'*  rotational  rate 
(  9)  Compute  Position  in  orbital  plane 

XK  '  -  K  cod  UK  ) 

YK  '  -  RK  •  i  n  (  UK  ) 

( X  0  >  Compute  the  (».g.i)  component*  of  the  tatellite 
potition  in  eerth-fiied  coordinate* 

XK  ■  XK  '  co*(OMECAK)  -  YK '  co*<IK>  • i n ( OMECAK ) 
VK  -  XK '  * i n  <  OMECAK )  -  YK  '  co»<IK>  costOMEGAKl 
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ZK  -  YK  '  s in  <  IK  > 

If  a  ground  transmitter  is  being  used.  the  i.g.  i 
components  ere  stored  in  the  date  base  end  do  not  have  to  be 
c  omputed 

The  preceding  tasks  are  performed  in  the  module  N2MSVE 
Special  techniques  have  been  used  in  the  module  computations 
to  maiimiie  accuracg  using  REAL*4  precision  These 

techniques  tend  to  make  the  code  appear  more  complicated 
than  the  .<bove  equations  would  indicate  Also,  when  using 
almanac  data,  the  number  of  weeks  since  the  almanac  was 

stored  must  be  accounted  for  This  is  done  bg  correcting  T  OE 
according  to  the  equation 

TOE  -  TOC -604000  0» ( NMSWHS  MNM WKS > 

where  NWSWKS  is  the  current  week  number  since  Jan  1  1970 

and  MNRWKS  is  week  number  relative  to  Jan  !  1978  for  which 

the  almanac  data  was  applicable 

3  3  4  2  Cfl«f  f  ItUflt  Computations 

After  the  satellite  position  for  three  points  60 
seconds  apart  is  computed  in  N2HSVE .  a  parabola  is  fitted  to 
these  three  points  so  that  the  position  of  the  satellite  for 
eng  time  within  or  close  to  the  2  minute  period  can  be 
computed  with  fewer  computational  steps  The  quadratic  fit 
coefficients  EO.  El.  and  F2  are  computed  using  equations  of 
the  form 
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F  0. 


X  K  (  2  ) 


F  1  i  -  XK  (  3  >  -  XK  <  1  ) 

F2i  -  2  •  XK  (  1  )  -  4  *  XK<2>  *  2  •  XK ( 3 ) 

whtrt  FOi.  Fit.  and  F2 i  are  the  a  component*  of  the  zeroth, 
first.  «nd  itcond  order  fit  coefficient*  end  XK<1>.  XK(2). 

end  XK(3>  ere  the  a  component*  of  the  satellite  position  for 
the  first,  second-  end  third  point  in  time  elong  the  orbit 
Similer  equations  ere  used  to  compute  the  y  end  I  fit 
coefficients  The  fit  coefficients  ere  noimeliied  to  e  time 
of  120  seconds  with  uro  time  at  the  middle  time  point  The 
absolute  time  for  the  middle  time  point  is  stored  in  e 
fourth  fit  coefficient  parameter  which  is  denoted  here  as 
FT 

Fit  coefficient*  ere  buffered  so  that  while  the  system 
is  using  the  fit  coefficients  for  one  2  minute  period,  the 
fit  coefficients  for  the  neat  2  minute  period  can  be 
c  omputed 

These  fit  coefficient  test*  ere  performed  in  the  module 
N2HSVP 

3  3  4  3  Sattllitt  Constellation  Sit l»£t_Lac 

The  tasks  performed  by  the  Satellite  Constellation 
Selection  Subfunction  are  conveniently  divided  into  those 
tasks  performed  before  the  satellites  are  acquired  and  those 
tasks  performed  during  steady  state 
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3  3  «  3  >  a*_Ltili.8Ln  Prior  i_a  Auumtien 

Whin  ini  t  ill  l  ting  thi  system,  the  oprrjtor  has  thi 

(hold  of  ulictmg  thi  latfllltii  to  be  acquired  and  utid 
for  navigation  or  allowing  the  tgitin  to  select  the 

satellites  If  the  operator  lelecti  the  tatel 1 itei.  the 

satellite  selection  tail  in  the  Navigation  Subigttin  hat 
very  little  to  do  The  only  task  it  to  fill  an  array  with 
the  tatellite  ID't  that  the  user  telected  to  that  their 
position  can  be  computed  and  fit  coefficientt  generated  If 
the  operator  doet  not  telect  the  tatellitet  then  the 
following  ttept  are  gone  through  to  determine  what 

tatellitet  for  the  tyttem  to  acquire 
(1)  Compute  the  tquare  of  the  range  for  each  tatellite  for 
which  almanac  data  it  included  in  the  data  bate  Thit  it 
accomplished  by  calling  the  module  Ni’ftSVC  and  calculating 
the  i.y  and  i  components  of  the  tatellite  position  at  the 
current  time  as  input  by  the  operator  and  then  computing 
the  square  of  the  range  B  according  to  the  equation 

Reel?  -  (is  i )••?  ♦  <ys-y)**»  ♦ 

where  is.  ye  and  is  are  the  satellites  position  components 
and  i.y  and  t  are  the  position  components  of  the  user  as 
computed  by  the  coordinate  trens f ormat i on  function  in  the 
Master  Control  Subsystem  based  on  the  latitude.  longitude, 
and  altitude  Input  by  the  operator 
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<21  Eliminate  all  satellites  with  range  squared  greater  than 
the  range  squared  corresponding  to  a  satellite  at  an  elevation 
of  3  degrees 

(3)  Order  the  remaining  satellites  from  smallest  range 
squared  to  largest  range  squared  This  corresponds  to  ordering 
the  satellites  according  to  elevation  from  highest  to 

1  owes  t 

(4)  Select  the  sii  satellites  with  the  highest  elevation  and 
store  in  an  array  in  the  order  of  highest  elevation  to  lowest 
elevation  If  less  than  sii  satellites  have  elevations 
greater  than  5  degrees  then  the  sii  element  array  is  filled 
with  those  visible  satelltes  and  jeroes  are  put  in  the 
remaining  elements 

These  tasks  are  performed  in  the  mo dole  N2HSVS 

3  3  4  3  2  Sail ili.lt  Selection  Purina  5 SiiiJP 

During  steady-state  operation,  the  satellite  selection 
function  reasses  the  visibiiitg  of  the  satellites  every  two 
minutes  according  to  the  following  steps  The  control  of 
these  tasks  is  performed  in  the  module  N1MSVT 

(1)  If  the  current  satellites  being  tracked  were  selected 
by  the  operator,  no  tasks  are  performed,  i  e  .  these 
satellites  will  be  used  regardless  of  their  elevation 
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(2)  If  Flatter  Control  rtqu*  1 1 1  that  a  new  satellite  be 
aided  to  the  conittlUtion,  because  let*  then  tn  satellites 
ere  currently  being  tracked,  or  if  Metter  Control  request* 
that  a  tetellite  currently  being  tracked  be  replaced 
becautt  it'*  elevation  it  less  than  5  degree*  or  it  hat 
been  lott  from  receiver  track,  then  the  satellite 
selection  module  N2MSVS  it  called  and  perform*  the 
f  o 1  lowing 

a  Compute  the  range  squared  at  two  different  times  for 
those  satellites  not  currently  being  tracked  and  for  which 
an  almanac  it  in  the  data  base  This  it  accomplished  by 
calling  N2F1SVE  for  those  satellites  not  currently  being 
trac led 

b  Eliminate  those  satellites  whose  elevations  are  lets  than 
5  degree* 

c  Determine  whether  each  satellite  is  rising  or  setting  by 
comparing  the  range  squared  at  the  two  times 


! 

i 

I 

I 

I 

I 

f 


D  Select  the  rising  satellite  with  the  lowest  elevation  as 
the  replacement  satellite  If  no  rising  satellite  is  visible 


(elevation  greater  than  5  degrees),  select  the  highest 
setting  satellite  as  the  replacement  satellite 


(3)  If  a  replacement  SV  is  found.  N2HSVP  is 
that  fit  coefficient*  can  be  computed  Also 
initial  satellite  clock  correction  based  on 


called  so 
the 

almanac  data 
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is  computed 


(4)  The  final  till  of  satellite  selection  during  steady 
state  is  to  compute  the  range  squared  for  each  satellite 
currently  being  tracked  and  determine  if  the  satellite 
elevation  is  less  than  5  degrees  If  a  satellite  is 
found  with  elevation  less  than  5  degrees.  Plaster  Control 
is  informed  so  that  a  replacement,  satellite  can  be 
requested  the  neit  time  the  satellite  selection  function 
is  invoked  This  task  is  performed  in  the  module  N1NSVT 

333  Receiver  Aiding  func t i on 

In  each  2  second  Inner  Loop  time  period.  Master  Control 
requests  Navigation  to  provide  aiding  data  to  be  used  by  the 
receiver  when  attempting  acquisition  or  rracquisition  of  a 
satellite  signal  Navigation  provides  two  distinct  types  of 
aiding  as  foil ows 

(1)  Navigation  Aiding  -  The  ranges  and  range  rates  computed 
to  aid  the  receiver  are  based  on  the  navigation  solution. i  e  . 
the  estimated  user  state  as  output  by  the  Kalman  filter  together 
with  the  computed  satellite  position  and  velocity  are  used 
to  compute  range  and  range  rate 

<2>  Receiver  Self  Aiding  -  The  ranges  and  range  rates  used  to 
aid  the  receiver  are  based  on  eitrapolat  ing  the  last  receiver 
measurements  forward  in  time  to  the  desired  aiding  time 
This  type  of  aiding  is  almost  totally  independent  of  the 
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navigation  volution  It  doit  dipind  uiiaklg  on  thi 
navigation  volution  through  a  computation  of  rangi 
accaliration  uvtd  in  thi  titrapolit ion  procivv 
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Table  3  3-2  Identification  of  Receiver  Aiding  Type 


SYSISft.CflMBmflW 


_ _ type  QF  aidino 

i _ 


( 1 ) 

Initial 

satellite  acquisition 

Nav l gat i on 

(2) 

C/A  Code  reacquisiti 

on 

Self 

(  3> 

P  code 

reacquisiti on 

prior 

to  navigation 

Self 

filter 

c  onvergenc  e 

(4) 

P  code 

reacquisiti on 

when 

less  than 

Self 

4  satellites  are  being  tracked 

(3) 

P  code 

r  eac  qu i s i t i on 

after 

filter 

Navigation 

convergence  and  4  or  more  latellitet  ! 

being  tracked  ! 

t 

t 

( 6 )  New  tatel 1 ite  acquisition  during  Navigation 

steady-state 

| 

i 

(7)  P  code  reac qu i %  1 1 1 on  for  filter  average  !  Self 
measurement  residuals  greater  than  1 00 

1/17  pchip  ! 


(8)  P  code  r eac qu  i  s  l  1 1  on  for  newly  acquired 
satellite  whose  fit  coefficients  based 
on  ephemeris  data  have  not  yet  been 
c  omp  u  t  ed 


Se  1  f 
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The  type  of  aiding  used 


for 


particular 


sgstrm 


condition!  is  identified  in  Table  3  3-2  Ihe  aiding  provided 
to  the  receiver  in  either  case  includes  estimates  of  the 
following  system  variables 

( 1  )  Rang  e 

(2)  Range  rate 

(3)  Clock  bias  between  the  user  and  the  satellite 

(4)  Satellite  1  5  second  epoch 

(5)  User  SO  millisecond  epoch  corresponding  to  satellite 
1  5  sec  ond  ep oc h 

The  range  aiding  is  in  units  of  1 00  nanoseconds.  thus 
the  range  is  divided  by  the  speed  of  light  and  multiplied  bg 
1E7  before  sending  the  aiding  data  to  the  receiver 
Throughout  the  remaining  discussion,  range  aiding  will  mean 
range  converted  to  time  units 

The  receiver  aiding  tasks  are  performed  in  the  module 
Ni’WAID  eicept  for  the  computations  of  range,  range  rate,  and 
range  acceleration  which  are  accomplished  in  the  module 
N2HRW3  using  current  Kalman  filter  estimates  of  the  user's 
state 

3351  ftuLLna 

Under  conditions  where  the  navigation  filter  is 
converged  and  is  assumed  to  have  a  reasonably  good  estimate 
of  the  user  state,  or  under  conditions  where  no  measurement 
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data  on  a  particular  satellite  it  available  navigation 
aiding  it  u«»d  to  attitt  the  receiver  in  acquiring  or 
reacquiring  the  satellite  signal 

The  time  for  which  aiding  it  required  it  computed  and 
the  module  N2F1RNC  it  called  to  compute  range  and  range  rate 
bated  upon  the  filters  best  estimate  of  the  user's  state  and 
the  position  and  velocity  of  the  satellite  as  computed  using 
the  quadratic  fit  coefficients  for  the  satellite  orbit  The 
atmospheric  range  delay  is  added  to  the  computed  range  and 
then  the  range  and  range  rate  are  eipressed  in  units  of  100 
nanoseconds  and  1  04066/  meters/sec  respectively  before 
passing  the  data  to  the  receiver 

The  bias  between  the  user  clock  and  the  satellite  clock 
is  defined  in  Figure  3  3-4  and  is  computed  from  the 
equat ion 


TB  -  rb/C  ♦  TC  ♦  TS 

whereas  rb  is  the  filter  range  bias  statr.  C  is  the  velocity 
of  light.  TC  is  a  constant  equal  to  the  initial  estimate  of 
user  clock  bias.  and  TS  is  the  satellite  clock  bias  The 
user  to  satellite  time  bias  TB  is  passed  to  the  receiver  in 
units  of  100  nanoseconds  The  most  recent  satellite  1  5 
second  epoch  and  the  corresponding  user  ?0  millisecond  epoch 
are  also  computed  and  sent  to  the  receiver 

In  the  special  system  mode  used  for  acquiring  almanac 
data  from  a  satellite.  the  aiding  range  and  range  rate 
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provided  to  the  receiver  ere  set  to  zero  if  aiding  has  been 
requested  for  a  satellite  for  which  the  system  does  not 
presently  have  any  almanac  data  In  this  case,  the  receiver 
uses  a  pecial  mode  to  search  all  frequencies  and  times  when 
attempting  satellite  signal  acquisition 

3352  S* 1 f  Aiding 

Under  conditions  where  a  good  receiver  measurement  has 
been  processed  in  the  past  for  a  particular  satellite,  and 
the  navigation  estimate  of  user  state  is  suspected  to  be 
poor,  receiver  self  aiding  is  used  to  estimate  the  aiding 
parameters  The  range  self  aiding  is  estimated  by 
e 1 1 r ap o 1  a 1 1 ng  the  measured  pseudo  range  forward  in  time 
according  to  the  equation 

RS  -  TB  -  PR/C  ♦  RDOT  •  DT  ♦  (RA*DTe«2)/2 

where  TB  is  the  user  to  satellite  clock  bias,  PR  is  the 
pseudo  range  count.  C  is  the  speed  of  light.  RDOT  is  the 
measured  range  rate,  RA  is  the  range  acceleration  computed 
in  the  module  N2HRNC.  and  DT  is  the  time  interval  over  which 
the  measurement  is  ettrapolated  The  value  of  RS  is  then 
compared  with  the  estimated  range  computed  in  navigation 
aiding  in  order  to  determine  the  eitrapolated  range  to 
within  10  milliseconds  of  the  computed  range  This  insures 
that  the  correct  number  of  FTP  clock  counts  have  been 
included  in  the  total  estimate  of  range  aiding 


PACE  182 


The  computation  of  user  to  satellite  clock  bias, 
satellite  1  5  second  epoch.  and  corresponding  user  20 
millisecond  epoch  are  computed  in  the  same  manner  as 
described  in  paragraph  3351 

33b  Subp ltmenta 1  Functions 

Several  more  minor  functions  are  also  performed  by  the 
Navigation  Subsystem  They  are  described  briefly  in  the  neit 
few  paragraph  s 

3  3  6  1  InitullUtign 

Whenever  the  system  is  commanded  by  the  operator  to 
acquire  satellites  and  compute  a  f n.  the  navigation  filter 
state  variables  and  certain  system  parameters  are 
lnitialiied  The  l n  l  t i a  1 l i a t i on  of  the  position  of  the  user 
is  done  in  the  module  NlfiSVT  which  is  the  first  Navigation 
Subsystem  module  to  be  activated  The  Master  Control 
Subsystem  computes  the  user's  ■.  y.  >  ea r t h -c en t e r e d . 
eerth-fiied  coordinates  by  t r an s f o r ma t i on  of  the  operator's 
CDU  input  of  his  position  The  position  components  of  the 
user  state  vector  is  initialized  when  these  values  are 
passed  to  the  Navigation  Subsystem  The  initial  range  to  the 
renter  of  the  earth  is  also  computed  at  this  time  in  the 
event  that  degraded  mode  operation  is  required 

The  velocity  components  of  the  user’s  state,  the  range 
bias  and  range  bias  rate  states,  and  the  filter  covariance 
states  are  initial  lied  in  the  module  N1M1NT  The  velocity 
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states  and  the  range  bias  rate  state  are  initialized  to 
zero  The  range  bias  state  is  initialized  as  zero,  however, 
an  estimate  of  the  initial  user  time  bias  is  computed  after 
the  first  satellite  measurement  is  made  bg  assuming  a  zero 
measurement  residual  and  solving  the  resulting  equation  for 
time  bias  The  resulting  equation  is  given  bg 

TC  -  RC/C  -  O  02  *  (USER  FTF-SV  FTF )  ♦  PR/C-TS 

where  the  variables  used  have  defined  previouslg  in  sections 
3321  and  3331  This  initial  estimate  of  user  time  bias 
is  then  added  to  the  time  equivalent  of  the  range  bias  state 
whenever  the  total  user  time  bias  is  to  be  estimated 

The  diagonal  of  the  covariance  matrii  is  initialized  in 
units  of  1/17  pchip  but  equivalent  to  the  following 

Position  Terms  »  <25Km)ee2 

Velocitg  Terms  “  (8  33  me t er s / s ec > • *2 

Range  Dias  Term  »  <JOHm>»*2 

Range  Dias  Rate  Term  ■  (0  545  me  t  er  s  /  s  e  c.  )  •  «2 

The  off  diagonal  terms  are  initialized  to  zero 

The  correlation  time  constants  used  in  the  transition 
matrices.  the  process  noise  covariance  terms.  and  the 
variance  of  the  measurement  noise  are  initialized  in  the 

module  NlMtllT 

In  the  case  of  a  sgstem  warm  start  after  the  •  g  %  t  em  has 
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b • • n  plictd  in  th*  standby  mod*.  th*  user  petition 
component*  of  th*  state  jnd  th*  user  time  bias  l including  1C 
end  rb )  art  not  rtim t ial i  it d  All  other  variable*  and 
parameter*  are  reinitialned  a*  just  described 


3  3  6  2 


Exi-ar 


An  estimate  of  the  uncertainty  in  the  estimated 
position  of  the  u**r  i*  computed  in  the  module  N1MNFL  Thi* 
estimate  is  based  on  the  average  of  the  measurement 
residuals  and  estimated  bias  errors  due  to  multipath  errors, 
atmospheric  correction  modeling  errors,  etc  The  average  of 
the  measurement  residual*  is  computed  in  the  module  N2MAID. 
and  the  bias  error  is  estimated  to  be  10  737  meter*  These 
two  quantities  are  summed  in  N  1  MNf  L  and  output  to  the  CDU  as 
th*  estimated  uncertainty  in  th*  user's  position 


3  3  6  3  SAJJLLSJUX JL  UUI  5ii.it  SSHSili ^ JP_ 3. 

Whenever  the  operator  knows  that  the  MVUL  will  be 
stationary,  he  can  command  a  stationary  user  mode  via  th* 
CDU  The  Navigation  Subsystem  performs  two  tasks  in  this 

mod* 

(1)  Th*  user  velocity  states  are  reset  to  lero  prior  to 
propagating  the  state  vector 

(2>  Th*  user's  position  state  is  smoothed  by  an 

eiponential  filter  with  a  30  second  time  constant 
before  outputting  th*  data  to  th*  CDU  via  th*  Master 
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Control  Subigittffl  T  h  *  reset  of  the  vrloc  itg 
l«  tcconpl tthtd  in  the  module  N2MNEQ  and  the  position 
it«t(  smoothing  filter  equation  it  of  the  form. 

Pit)  -  P(t-dt)  ♦  0  067  e  <P£  -  p  (t-dt) 


where 


Pit)  ■  Smoothed  user  position  vector  at  time  t 
P_J_t-dt>  »  Smoothed  user  position  vector  at  time  t-dt 
“  Current  Kalman  filter  best  estimate  of  user 
position  vector 

dt  “  Time  interval  between  state  updates  "  2  seconds 

In  the  i mp 1  erne n ta 1 1  on  of  this  filter.  only  the  difference 
between  the  state  and  an  initial  estimate  of  the  state  is 
smoothed  in  order  to  preserve  the  filter  accuracy  using 
REAL**  floating  point  arithmetic  This  task  is  performed  in 
the  module  N2MNEQ 

3  3  6  4  R«na*  Rat*  Bias  Mom  toring 

The  operator  is  informed  via  a  CDU  warning  message 
whenever  the  HVUE  oscillator  has  a  range  bias  rate  in  eicess 
of  10  meters/sec  absolute  value  The  range  bias  rat*  state 
is  monitored  and  compared  against  the  10  meter/sec  threshold 
in  the  module  N2WAID  The  comparison  is  mad*  onlg  If  the 
filter  ha*  converged. i  *  .  the  average  measurement  residuals 
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in  l*tt  than  100  m*t*rt  If  the  rang*  blit  rat*  ttat* 
f i c  f »dt  th*  thrt ihold.  a  flag  it  t*t.  and  the  Matter  Control 
tubtyttiw  commands  th*  CDU  to  litu*  th*  warning  mettage 
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3  4  MVUE  EXECUTIVE  SUBSYSTEM 


I 


I 

I 


3  4  1  flmtULl 

The  Encutivf  Subsystem  is  a  collection  of  programs  and 
data  sets  designed  to  allow  the  'Applications'  software  in 
the  various  processors  to  operate  as  real-time.  concurrent 
processes  The  Applications  (or  Operational)  software  is 
that  portion  of  the  CHS  real-time  software  which  eiecutts 
the  OPS  mission-oriented  functions  and  algorithms  The 
Eiecutive  provides  the  interface  between  (1)  processor 
interrupts  and  the  applications  software.  (2)  between  the 
applications  tasks.  and  (3)  between  calling  and  called 
s  ub  p  r  o  g  rams 

Three  major  features  of  the  CPS  Eiecutive  are  as 
follows  (1)  Maiimum  commonality  of  procedures  and  data 
blocks  among  the  different  classes  of  CPS  user  equipment. 
(2)  High  degree  of  modularity  in  each  Local  Eiecutive.  (3) 
Simplicity  «»nd  security  of  interfaces  among  individual 
modules  of  the  Executive,  as  well  as  between  the  Eiecutive 
and  Applications  software 

All  operational  software  (including  portions  of  the 
Eiecutive)  is  divided  into  the  following  heirarchies.  listed 
in  the  order  of  decreasing  eiecution  control  levels  Tasks, 
and  Subprograms 

A  Task  represents  the  smallest  software  component 
visible  to  the  Eiecutive-  l  e  .  a  task  is  the  smallest 
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software  entity  which  the  Eifcutivt  will  explicitly  tchtdult 
and  dispatch  for  execution  At  any  time  during  the 
real-time  process,  a  task  is  considered  as  being  in  one  of 
several  possible.  well-defined  states  Futhermore.  a  task 
is  the  smallest  software  element  which  is  allowed  to 
communicate  to  the  Executive  Control  via  Executive  Service 
Routines  and  thus  explicitly  influence  the  future  course  of 
the  c omp u ta t i ona 1  process 

A  Subprogram  (or  Subroutine)  is  the  software  component 
which  is  below  a  task  in  the  Executive  control  hierarchy 
structure  Since  subprograms  may  call  (invoke)  other 

subprograms.  they  may  form  several  levels  of  software 
modules  in  this  structure 

The  Executive  activates  the  tasks  in  all  the  processor 
subsystems  and  subsequently  controls  the  necessary  sharing 
of  processor  time  that  must  occur  in  a  real-time  system 
For  this  purpose,  the  tasks  are  divided  into  two  large 
categories,  foreground  and  background 

The  foreground  priorities  each  have  a  required 
execution  rate,  in  the  sense  that  they  must  be  executed  once 
in  a  certain  time  period  The  tasks  are  ordered  into 
priority  classes  according  to  their  execution  rates  The 
background  priorities  use  processor  time  as  it  is  made 
available  by  the  completion  of  the  foreground  They  are 
ordered  according  to  the  desirability  that  they  receive  this 
left-over  processor  time 

Since  it  is  often  necessary  for  a  program  module  to  be 
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available  for  use  by  concurrent  tasks,  th»  Eifcuttvf 
provide*  a  mean*  by  which  reentrancy  may  be  accomplished 
without  loss  of  data  integrity  Each  concurrent  use  of  a 
routine  accesses  its  own  data  area  for  the  routine  The 
eiecutive's  role  is  to  allocate  this  area  and  provide  the 
base  address  to  the  calling  routine 

The  Executive  perform*  the  processor  self-test 
function*  and  lug*  error*  anting  both  from  these  and  other 
hardware  and  software  condition*.  such  a*  memory  parity 
errors 

Processor  interrupt*  are  alto  handled  through  the 
Eiecutive  The  primary  interrupt  in  the  MVUE  *y*tem  is  the 
Fundamental  Time  Frame  <FTF).  a  20- m i 1 1 i tec ond  counter 
There  are  other  timer  interrupt*,  also  occuring  at  a  filed 
rate.  which  perform  scheduling  and  * y nc h r on  i  i a 1 1 on  These 

transfer  control  to  the  process  dispatcher  Additional 
interrupts  are  generally  involved  in  error  reporting  and 
return  to  whichever  task  was  eiecuting  when  the  interrupt 
occurred 

The  major  scheduling  functions  are  handled  in  the  20 
millisecond  interrupt  handler  Priorities  ready  for 

eiecution  in  the  upcoming  time  period  are  marked,  and  each 
task  that  was  supposed  to  finish  in  the  preceding  20-ms 
period  is  checked  to  see  that  it  did  Control  is  then 
passed  to  the  dispatcher,  which  start*  the  highest  priority 
task  thus  marked  This  is  the  key  functional  element  in  the 
Eiecutive 
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There  in  utilities  c«l  ltd  Eitcutivr  Strvic*  Routines 
which  perform  oft-repeated  scheduling  and  other  functions 
for  the  applications  processes  Process  activation,  stop 
(deactivation),  and  waiting  are  the  scheduling  functions 
Other  functions  include  granting  and  relinquishing  sole 
access  to  data  sets.  passing  arguments  to  called 
subprograms.  providing  reentrant  linkage  where  appropriate, 
and  logging  error  reports 

Also  included  in  the  Executive  are  service  routines  for 
software  floating  point  arithmetic  .  integer  and  extended 
integer  arithmetic  packages,  and  memory  allocation  for  the 
different  processors 

Figure  3  4  1-1  contains  the  high-level  flow  diagram  for 
the  executive 
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FICURE  34  1-1  EXECUTIVE  FLOW  DIAGRAM 
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3  4  2  tlXSLL 


This  tic  turn  ditcnbii  the  error  recording  data  set, 
XERROR.  the  format  of  errors  recorded,  and  contains  a  list 
of  all  the  HVUE  errors  which  are  reported  to  the  eiecutive 
programs.  X3ERR  and  X3ERRA 

Errors  are  recorded  in  XERROR  starting  in  the  location 
labeled  XE8UFS  The  first  word  of  each  error  message  is  the 
number  of  words  to  follow  That  is,  if  there  are  three  error 
descriptors,  then  the  first  word  will  contain  the  number  5 
The  second  word  contains  the  Error  Code  word  (ECW),  and 
third  word  contains  the  20-ms  FTP  count  The  remaining  words 
contain  the  applicable  error  descriptors  This  is  a  28  word 
circular  buffer 


Locat ion 

Contents 

Word 

XEDROP 

No  of  errors  dropped  because  buffer  full 

1 

XEPTRF 

Word 

in  XEBUFS  to  be  filled  nut 

2 

XEPTRE 

Word 

in  X  E  B  UF  S  to  be  emptied  neit 

3 

XEBUFSeO 

N.  No 

of  words  to  follow 

4 

XEBUFSM 

ECW. 

Error  Code  Wor  d 

5 

XEBUFS+2 

20-ms 

F  TF  c  oun  t 

6 

XEBUFSO 

Error 

Descriptor  1 

7 

X  E  B  OF  S  ♦  4 

Error 

Descriptor  2 

e 

and  so  on, 

XEBUFS*N 

Error 

Descriptor  N-2 

4+N 

Other  error  i 

messages 

follow  up  to 
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XEBUFE 


Follow*  lest  word  in  XEBUFS 


To  determine  the  currint  content*,  the  information  to 
consider  start*  with  the  location  contained  in  XEPTRE  and 
continues  through  the  word  which  precedes  the  location 
contained  in  XEPTRF 

The  Error  Code  Word  and  the  descriptors  are  sent  to 
either  X3ERR  or  X3ERRA  a*  argument*  The  first  two  bit*  of 
the  Error  Code  Word  are  supplied  by  the  error  handler,  and 
they  indicate  the  subsystem  01  is  master  state.  10  is 
navigation.  11  is  receiver 

When  there  is  not  enough  room  to  record  all  of  a 
reported  error,  then  none  of  the  error  is  recorded  However, 
the  fact  that  there  was  an  error  dropped  is  indicated  in 
XEDROP  The  content*  of  XEDROP  is  incremented  by  1  for  each 
error  dropped 

A  listing  of  the  errors  which  may  be  reported  follows 
The  Error  Code  Word  (ECW)  is  listed  first,  followed  by  the 
name  of  the  module  which  initiated  the  error  report  On  the 
right  hand  side  a  description  of  the  argument*  is  listed 
with  a  description  of  the  error  listed  first 

0101  X1IP0W  1  Processor  self  test 

2  20-m*  FTF(LSW) 

3  No  useful  word*  follow 

4  Error  code  generated  from  X2TST/X2TFP 

5  Descriptor  1 

6  Descriptor  2 


PAOE  194 


7  Descriptor  3 


0102  X1IM 


0103  XI  I  1 


0103  X1IFS 


8  Descriptor  4 

1  Memory  parity  error 

2  20-ms  FTF(LSW) 

3  PC  when  parity  trap  occurred 

1  I-bus  time  out 

2  20-ms  FTF(LSW) 

3  PC  when  time-out  occurred 

1  FPAU  returned  an  error  status 

2  20-ms  FTF(LSW) 

3  FPAU  status  word,  bits  O  and  4  to  15  unused 

bit  1  on.  overfl ow 

bit  2  on.  underflow 

bit  3  on.  invalid  operand 

4  PC  of  interrupted  module 


0106  X l I T01 


0107  XI IT03 


1  No  active  process  in  1 -ms  priority 

2  20-ms  F  TF  <  LSW  > 

-N 

1  5-ms  prior  overrun  incomplete  last  period 

2  20-ms  F TF (LSW ) 

3  Ptr  to  priority  of  overrun  task 

4  PC  of  overrun  task 


0207  X1IT0S  1  3-ms  seq  out  of  order.  5-ms  not  eq  3  from  20-ms 

2  20-ms  FTF(LSW) 

3  3-ms  count 
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I 

I 

I 


0208 

XI I T20 

1 

20-ms  update  count  not 

-  XC0020 

( sgs  out 

of  sgnc ) 

2 

20 -ms  FTF(LSW) 

3 

Update  20ms  count 

0308 

X 1 1 T20 

1 

20-ms  prior  overrun,  incomplete 

last  period 

2 

20-ms  FTF(LSW) 

3 

Ptr  to  p r  l  or i t g < XLEVEL 

block)  of 

ovtrrun 

proc 

4 

PC  of  overrun  proc 

0408 

X 1 I T20 

1 

Background  prior  overrun,  incomplete  last  period 

2 

20-ms  FTF(LSW) 

3 

Ptr  to  pr l or l tg ( XLEVEL 

block)  of 

ovtrrun 

proc 

4 

PC  of  overrun  proc 

I 

I 

I 


0109  XI INT2 


010C  X1TST 


1  Unwanted  interrupt  level  2 

2  20  ms  FTF(LSU) 

3  PC  of  interrupted  module 

1  Procmor  self-test  error 

2  20- ms  F  TF  <  LSW  > 

3  No  of  useful  words  follow 

4  Error  cod#  generated  from  X2TST/X2TFP 

5  Descriptor  1 

6  Descriptor  2 

7  Descriptor  3 
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8  Descriptor  4 


010D  X2TST  1  ROn  checksum  test  failure 

2  20-«s  FTF(LPW) 

3  Nr*  of  useful  words  following 

4  Error  code 

5  ROM  block  start  address 

6  ROM  block  end  address 

7  Eipected  checksum  value 

8  Computed  checksum  value 

0200  X2TST  \  RAM  memory  test  failure 

2  20-ms  FTF(LSW) 

3  No  of  useful  words  following 

4  Error  code 

5  RAM  block  start  address 

6  RAM  block  end  address 

7  B  d  R  AM  location 

8  Bad  RAM  value 

030D  X2TST  1  Basic  arithmetic  failure 

2  20-ms  FTF(LSW) 

3  No  of  useful  words  following 

4  Error  code 

5  CZC  mask  for  arith/logit  test 

6  Value  on  which  CZC  applied 

7  ( i gnorf > 

8  ( ignore) 


PAGE  197 


010C  X2IPOW 


1  Procflior  self  test  trror 


2  20- ms  FTF(LSW) 

3  No  of  useful  words  follow 

4  Error  tod*  generated  from  X2TST/X2TFP 

5  Dncnptor  1 

6  Desc  r  j  p  tor  2 

7  D»»cnptor  3 

8  Descriptor  4 

0111  X3ACT  1  Ho  re  then  two  ergs  peitrd 

2  20-ms  F TF <L5W) 

3  PC  of  activating  test 

0211  X3ACT  1  R*c*iv*r  no  >  me  i  ricuvir  no 

2  20-ms  FTF(LSW) 

3  Receiver  number 

4  PC  of  ectiveting  test 

0311  XJACT  1  Test  already  ectiveted 

2  20-ms  F  TF ( L SH > 

3  pointer  to  process  in  XPROC 

4  PC  of  ectiveting  task 

0113  X3CANC  1  More  then  two  ergs  passed 

2  20-ms  FTFCLSW) 

0213  X3CANC  1  No  receivers  greeter  then  me  ■  allowed 

2  20ms  FTF(LSW) 

0113  X3REQ  1  Tim*  out  on  gaining  sole  access  to  common 
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2  20  mt  I  1H  LSW  > 


0213 


0116 


01  1A 


01  ID 


02  ID 


01  IE 


01  IE 


0120 


X3REQ 


X3REL 


F  RCMY 


X  3  T  1  MM 


X3TIHM 


I  ASHE  T 


E  r  i  t  p 


X3ERRA 


1  No  erg  *  not  *  1 

2  20-ms  FTE(LSW) 

1  No  «rgi  not  •  1 

2  20-m*  ETE(LSU) 

1  No  of  jrgunint*  don  not  igrtt  with  caller 

2  20- m*  FTF(LSW) 

3  calling  program  PC 

4  Called  program  PC 

3  No  of  argument*  eipected 

1  No  ar  g  *  not  *  1 

2  20- m*  ETE(LSU) 

1  Modulu*  not  positive  value  for  time  request 

2  20-  m*  E  TE  (  LSW  ) 

1  Overflow  when  shifting  left,  tign  bit  changed 

2  20-m*  ETE(LSH) 

1  Floating  point  interpreter  error 

2  20-m*  E  TE  <  LSW  > 

3  Statu*  word  (BO*div  by  0.  Bl»overflow. 

B2»underf low  B3»illegal  in*tr  .  04«c  ode  error) 

4  PC  of  instruction  in  error 

1  Error  reports  have  been  dropped 

2  20-ms  ETF(LSW) 
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3 


0121 

EASHFT 

1 

Overflow  when  shifting 

left,  sign  bit  changed 

2 

20-ms  FTF(LSW) 

0221 

EASHFT 

1 

Absolute  value  of  shift 

count  greater  than  15 

2 

20-*s  FTF(LSW) 

0126 

EXINT 

1 

Divisor  greeter  then  or 

equal  to  2e«l6 

2 

20-ms  FTFtLSW' 

3 

(  ignore ) 

4 

MSW  of  erg 

5 

L SW  of  erg 

6 

EXINT  WP 

7 

(  i  gnore  > 

0 

(  ignore) 

9 

User  WP 

10 

User  return  PC 

012c 

X l  I NT  7 

1 

Unwanted  interrupt  level  7 

2 

20-ms  FTF(LSW) 

0150 

M2RWOD 

1 

Invalid  SV  status  for  RCVR  mode  definition 

2 

20-ms  FTF(LSW) 

3 

SV  ID 

4 

Invalid  SV  status 

0196 

R2PCH 

1 

RHSFLC  not  lero  (N2DBPR 

not  r eadg  ) 

2 

20-ms  FTF(LSW) 

0197 

91P1N 

1 

Overflow  error 
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2  20-*%  FIF(LSW) 


0297  R1PIN  1  Overflow  error 

2  20-**  FTF(LSW) 

0397  R1PIN  1  Overflow  error 

2  20-**  FTF(LSW) 

0497  RIP  IN  1  OVERFLOW  error 

2  20-**  FTF(LSW) 

0198  R 1 RMO  l  Slope  >-7fff 

2  20-**  FTF(LSW) 

0290  RiRMO  1  Slope  05  or  slope  >«80 

2  20-**  FTF(LSW) 

0398  R1RM0  1  Negative  divisor 

2  20-m*  FTF(LSW) 

0498  R1RN0  l  Invalid  11/12  frequency  flag 

2  20-**  FTF(LSU) 

01C4  R2XSPM  1  Pa**  counter  >-  4 

2  20-**  FTF(LSW) 

01CC  ATAN2  1  Illegal  input  argu*ent*  to  ATAN2 

2  20-**  FTF(LSW) 

3  first  input  argument 

4  second  input  argument 

01CD  COS  1  Ab*  value  of  COS  input  argument  >  16 
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2  20  m*  f  U  <LSW> 


4  0  HARDWARE  SUBSYSTEM  DESCRIPTION 


The  following  is  detailed  breakdown  of  the  various 
segments  of  the  hardware  portion  The  breakdown  includes 
the  foil owi ng 


Section 
Control  Display  Unit 
Vehicle  Installation  Kit 
M VUE  Antenna 
Bat  ter  y  Pat  k  Unit 


4  1  RECEIVER /PROCESSOR  SECTION 

As  pointed  out  previously  the  Rec e i ver /Proc e* sor 
Section  includes  the  following 

RE  Pre-Conditioning  Section 
Rec  e  i  ver  Section 
Data  Processing  Unit 
Eiternal  Input/Output  Module 
Master  Oscillator 

HVUE  Instrumentation  System  Interface  Module 
MVUE  POWER  SUPPLY 

Refer  to  Figure  4  I  -  1  for  a  Rec e i ver /Pr oc es s or  Functional 
Block  D i ag  r am 
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4  1  1  RF  PRE  CONDITIONING  SECTION 

The  Rtctivir  RF  Pr»-Conditionmq  Section  is  connected 
directly  to  the  antenna  ports  The  hardware  provides  gain 
(42  ♦  1  dB)  and  establishes  the  Noise  Figure  for  the  system 
(5  0  dB  nominal)  The  RF  Pre-Conditioning  unit  accepts 
inputs  from  two  areas  One  set  of  inputs  come  from  the 
local  antenna  <154Fo  and  120Fo>  which  correspond  to  the  LI 
and  L2  SV  carriers  respectively  The  second  input  is 
sourced  by  the  Vehicule  Installation  Kit  (VIK)  Pre-Ampl if i»r 
which  is  in  essence  hardware  like  the  RF  Pr»-Cindi tioning 
Section,  but  this  hardware  is  remote  from  the  Receiver/ 
Processor  This  signal  from  the  VIK  Pre-Amplifier  thus  does 
not  require  amp  1 i f i c a 1 1 on .  and.  it  therefore  must  only  be 
routed  through  the  RF  Pre-Conditioning  Section  when  t 'i  e  user 
desires  VIK  operation  The  output  of  the  RF 
Pre-Conditioning  Unit  is  forwarded  to  the  Wideband  Nodule  of 
the  Receiver  Section 

4  1  2  RECEIVER  SECTION 

The  Receiver  Section  under  the  control  of  the  Data 
Processing  Unit  provides  the  means  to  eitract  the  necessary 
information  from  the  SV  signals  to  determine  the  users 
position  and  time  The  following  paragraphs  will  delve  into 
the  various  modules  that  constitute  the  Receiver  Section 
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4121  WIDEBAND  MODUULE 

The  Wideband  Module  (WBM)  down  convert*  LI  or  L2 
friqutnnt*  to  19Eo  ♦  10  MHj  (IF)  uting  L  0  input*  (  1 36F  o 
or  102Fo  respectively)  from  the  Frequency  Sgntheii ier 
Module  The  WBM  has  a  gain  of  43  dB  (nominal)  3  dB 
bandwidth  of  15  MHi,  and  contain*  the  fir*t  ACC  loop  for  the 
«y*tem  The  WBM  alio  receive*  a  8u  i  1 t - I n- Te » t  Module  test 
input  which  it  utilited  for  fault  isolation  This  test 
input  is  on  LI  or  L2  carrier  to  eiercise  the  entire 
Receiver  The  IF  signal  that  is  generated  by  the  WBM  is 
buffered  and  forwarded  to  the  two  Narrowband  Modules 

4122  NARROWBAND  MODULES 

The  Narrowband  Modules  <  NBM  >  receive  IF  <  1  OF o  ♦10  MHi) 
from  the  WBM  In  its  first  function  it  mites  (correlates) 
either  NR  Z  P-code  or  C/A  code  from  the  code  generator.  with 
the  WBM  IF  down  converted  signal  The  module  proceeds  to 
filter  and  amplify  the  correlated  IF  The  IF  is  then  routed 
through  two  down  conversions  The  first  involves  an  L  0  of 
1 7F o  which  yields  an  IF  of  Fo  ♦  10  MH l  Prior  to  the  second 
conversion  the  Fo  ♦  10  MHi  signal  is  power  split  into  two 
channels  The  two  signals  thus  formed  are  routed  to  the 
second  conversion  which  is  accomplished  with  an  L  0  of  Fo  ♦ 
lOMHiandanLOofFo  ♦  10  MHi  ♦  90  degrees  in  two 
distinct  miier  devices  From  these  two  miiers,  the  error 
(E)  and  the  data  (D)  baseband  signals  are  derived  The 
absolute  value  of  the  E  channel  and  the  absolute  value  of 
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the  quadrature  D  channel  are  derived  A  correlation  output 


f  orme  d 

utilizing 

the 

equat ions 

s  h  own 

3(  !  E  ! 

♦  1/2  :d: 

) 

FOR 

:e  : 

>  !D: 

3  (  :  D  : 

♦  1/2  :e: 

) 

FOR 

:  D : 

>  :e  : 

This  correllation  output  corresponds  to  the  code  phase 
alignment  response  when  the  code  is  injected  at  the  first 
miiing  operation  in  the  NBM 

The  appropriate  sum  is  routed  out  by  comparator  driven 
select  logic  to  control  the  2nd  AttC  function  and  to  be 

monitored  by  the  Output  Module  as  the  correlation  voltage 
The  E  signal  is  buffered  out  as  the  Phase  locked  Loop  (PLL) 
error  to  the  Frequency  Synthesixer  Module  The  signal  is 
also  differentiated  and  buffered  out  as  the  Frequency  Locked 
Loop  (FLL)  error  to  the  Frequency  Synthesizer  Module  The  D 
signal  is  filtered  to  eitract  50  Hx  data  to  be  sampled  by 

the  Output  Module 

4123  OUTPUT  MODULE 

The  Output  Module  receives  the  correlation  voltages 
from  the  Narrowband  Modules  These  correlation  voltages  are 
digitized  in  the  Output  Module  to  allow  peaking  of  the 
correlation  voltage  Prior  to  the  digital  conversion 

process  the  processor  may  invoke  various  integration 
intervals  over  which  the  correlation  voltage  is  integrated 

These  include  1  ms.  5  ms.  and  20  ms  The  Output  Module  also 

integrates  and  samples  the  filtered  D  signal  from  the 
Narrowband  Module  Under  processor  control  data  is  sampled 
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and  stored  in  the  Data  Proctmng  Unit  The  Output  Module 
can  alio  perform  a  range  rate  measurement  which  involves 
measuring  the  Frequency  Synthesizer  frequency  The 

processor  merely  enables  a  counter  to  count  between  two  key 
time  marks  A  signal  from  the  Frequency  Synthesizer  is 
enabled  and  counted  during  the  interval  defined  by  the  time 
marks  When  the  receiver  section  is  in  an  SV  acquisition 
mode.  the  Frequency  Synthesizer  frequency  eicept  for  system 
errors  represents  an  SV  '  s  doppler  shifted  signal  Thus  this 
measurement  is  termed  a  range  rate  measurement 

4124  FREQUENCY  SYTHES I ZER  MODULE 

The  Frequency  Synthesizer  Module  (FSM)  comprises  that 
hardware  necessary  to  provide  local  oscillator  (L  O)  signals 
to  various  portions  o*  the  system  (WOM.  NBM.  OM.  and  etc) 
The  Receiver  system  is  termed  a  coherent  system  which 
implies  that  all  LO's  are  frequency  or  phase  locked  to  the 
received  SV  signal  when  operating  on  an  SV  The  FSM 

receives  both  the  FLL  and  PLL  signals  from  the  NBMs  Under 

processor  control,  the  FSM  can  be  set  to  function  in  either 
a  frequency  locked  mode  or  a  phase  locked  mode  These  modes 
are  determined  by  monitoring  system  errors  which  it 
performed  by  the  system  processor  The  FSM  can  also  be  set 
to  a  filed  frequency  via  a  D/A  converter  The  processor  can 
load  in  a  frequency  word  and  select  the  D/A  converter  to 
provide  a  voltage  to  a  Voltage  Controlled  Crystal  Oscillator 
(VCXO)  resident  in  the  FSM  The  processor,  when  in  a  filed 
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frequency  mode,  ten  invoke  e  range  measurement  operation  in 


the  Output  Module  to  verify  the  frequency-  setting  This 

type  of  operation  is  involved  in  a  VC  k  0  calibration  and  in 
VCXO  set 

4124  CODE  GENERATOR  MODULE 

The  Code  Generator  Module  (CCM)  is  involved  in  two 
primary  functions  The  CCM  generates  various  codes  on 

command  by  the  DPU  These  codes  include  'the  P-code  and  C/A 
code  for  all  SV  types  These  codes  are  generated  with  FSM 
clocks  which  implies  that  all  codes  generated  are  coherent 
or  doppler  compensated  by  the  received  signal  The  DPU  may 
shift  the  code  (forward  or  backward)  with  respect  to  the 
received  code  to  peak  the  Correlation  Voltage  from  the  NBM 
which  receives  the  generated  code  The  CCM  can  also  provide 
range  measurement  information  After  having  acquired  and 
peaked  the  Correlation  Voltage  on  some  P-code  the  DPU  has 
the  capability  to  measure  the  elapsed  time  between  an 
internal  20-ms  time  mark  and  a  20  ms  doppler  shifted  data 
clock  When  incorporated  with  the  Z  count  derived  from 
sampled  50-Hi  data,  the  measurement  represents  the  range  to 
an  SV  with  some  time  bias  included  The  time  bais  is 
associated  with  the  users  chosen  time  interval 

4126  BUILT- IN-TEST  MODULE 

The  Bu i 1 t- I n-Te s t  Module  (B1TM)  generates  test  signals 
for  the  system  to  allow  fault  isolation  The  DPU  may  invoke 
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the  BITM  to  generate  either  an  LI  or  an  L 2  pseudo  replica 
signal  which  are  modulated  by  an  XI  code  and  Barker  Code 
only  The  signals  are  routed  to  the  WBM  to  be  inputted  like 
RF  from  the  antenna  ports  The  DPU  proceeds  to  activate  an 
XI  code  from  the  COM  and  acquires  this  signal  in  a  similar 
fashion  to  that  of  acquiring  SV '  s 

4127  RECEIVER  OPERATIONAL  CHARACTERISTICS 

The  following  discussion  will  summarize  in  a  high  level 
manner  the  various  functions  performed  by  the  receiver  now 
that  the  modules  have  been  discussed  briefly 

The  receiver  acquires  and  coherenthy  tracks  an  incoming 
SV  signal  For  signal  power  to  be  detected,  the  receiver 

must  first  of  all  be  aligned  by  the  CPU  to  the  appropriate 

doppler  shifted  frequency  associated  with  the  desired  SV 
The  DPU  is  provided  with  some  prior  knowledge  as  to  which 
SV  '  s  are  available  The  DPU  arms  the  Frequency  Synthesizer 
such  that  the  VCXO  within  is  set  to  within  125  Hz  of  the 
desired  signal  carrier  The  DPU  then  activates  the  CCM  to 
inject  the  C/A-code  associated  with  the  desired  SV  into  the 
NBH ' s  Each  NBM  is  injected  with  the  same  code,  however  the 
codes  are  spaced  by  1/2  a  C/A  BIT  cell  or  chip  One  is 

termed  Early  while  the  other  Late  The  DPU  activates  the  OM 

to  digitize  the  Correlation  Voltaqe  signals  from  each  NBM 
after  having  allowed  integration  of  the  signals  over  some 
DPU  controlled  time  interval  The  samples  thus  obtained  are 
compared  to  a  predetermined  threshold  If  the  threshold  is 


not  eiceeded  the  DPU  <il  t»r*  the  CG(1  code  p  h  a  •.  e  by  16/17  th's 
of  a  chip  and  r*p«4tt  the  integration  end  digitization 
process  This  process  is  continously  repeated  (1089  times 
or  1023  chips  if  required)  until  the  threshold  is  eiceeded 
When  the  threshold  is  eiceeded  the  DPU  invokes  a  different 
code  shifting  algorithm,  which  involves  code  shifts  of  1/17 
of  a  chip,  to  peak  the  Correlation  Voltage  to  a  maiimum 
value  In  performing  the  peaking  function  the  processor 

utilizes  an  enhancement  technique  (Early-Late  Alqorithm) 
which  is  represented  by  the  following  equation 

Discrimination  function 

L  -  E  B  Correlation  Factor  *  r 

L  ♦  E 

This  function  is  represented  in  Figure  4  1  2-1  where 

complete  alignment  is  repressented  at  the  zero  crossing  (or 
center)  of  the  response  curve  The  DPU  accumulates  several 
samples  of  the  code  phase  vs  discriminator  value  and 

establishes  a  straight  line  a p p r o > i ma t t on  value  to  the 
center  linear  portion  of  the  discriminator  function  The 

code  phase  is  then  set  to  a  phase  position  nearest  the  zero 
crossing  establishing  a  coarse  centering  of  the  code  This 

alignment  technique.  hereafter  refered  as  code  peaking, 
yields  an  alignment  to  within  ♦  50  ns  Figure  4  1  2-2 

represents  those  areas  in  the  Receiver  involved  in  this 
process  These  areas  form  what  it  termed  the  code  loop  when 
in  operation 
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figure  4. 1.2-1.  Correlation  factor  (»*) 
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Once  the  coarse  centering  is  accomplished  the  Costas 
Carrier  Loop  is  closed  in  an  FLL  mode  Thus  the  FLL  signals 
from  the  NBM  are  routed  to  the  FSM'S  VCXO  Electronically 
the  loop  error  is  nulled  to  ♦  15  Hi  The  DP U  performs 
another  code  peaking  operation  to  take  advantage  of  the 
enhanced  signel  level  created  by  the  FLL  mode  The  DPU 
follows  this  operation  by  invoking  the  PLL  mode  in  the 
Costas  Loop  by  enabling  the  PLL  signal  from  the  NBM  to  the 
FSM'S  VCXO  The  DPU  proceeds  to  perform  one  last  peaking  of 
the  code  The  carrier  loop  which  is  invoked  at  this  point 
is  shown  in  Figure  4  1  2-3  This  diagram  emphasizes  the 
various  modules  involved  in  the  carrier  loop 

The  DPU  has  at  this  point  acquired  C/A  code  in  phase 
lock  The  DPU  proceeds  to  determine  where  to  sample  50-Hx 
data  The  C/A  Epochs  (1-ms  intervals)  are  monitored  for 
coincidence  with  data  transition  points  Unce  the 
transition  points  (bit  cell  boundaries)  are  defined,  the  COM 
Data  Clock  is  aligned  such  that  data  is  sampled  at  the  end 
of  a  typical  bit  cell  interval  Once  this  Bit  Sync  is 
attained.  the  DPU  decodes  the  data  such  that  the  Handover 
Word  (HOW)  can  be  obtained 

With  the  HOW.  the  CGM  can  be  armed  to  the  appropriate 
P-code  phase  to  acquire  P-code  Since  the  data  clock  Bit 
sync  operation  aligned  the  data  clock  to  within  ♦  50  ns  of 
the  appropriate  transition  point.  the  DPU  loads  a  P-code 
phase  associated  with  a  future  data  clock  point  When  that 
particular  clock  pulse  arrives  the  P-code  shift  is  enabled 
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This  op*rjtion  will  thus  yield  a  P-codt  phase  alignment  to 
within  ♦  50  ns  The  processor  proceeds  to  peak  the  P-code 
with  the  Early-Late  algorithm  This  final  peaking  yields  an 
alignment  to  within  1/17  of  a  P-code  chip  ('’60  ns)  With 
the  alignment  of  P-code.  the  DPU  now  performs  the  ranging 
operation  This  is  accomplished  by  enabling  a  doppler 
shifted  17Fo  signal  <17Fo  (1  ♦  V/C  )  )  to  a  counter  within  the 
CCM  The  interval  over  which  this  signal  is  counted  is  that 
time  between  a  Bit  Synced  Data  Clock  and  a  20-ms  Time  Mark 
derived  from  the  10-MHi  Master  Oscillator  within  the 
system  When  this  particular  count  is  summed  with  the  HOW 
the  resulting  sum  is  termed  the  pseudo- range  The  term 
pseudo-range  is  used  since  the  measurement  includes  a  user 
clock  bias  which  is  brought  about  by  the  fact  that  the  20  ms 
Time  Marks  are  asynchronous  to  the  coherent  signals 
generated  by  the  Costas  Loop  The  code  phase,  also,  ma y  not 
correspond  to  perfect  alignment  at  the  time  the  pseudo-range 
measurement  is  made,  since,  the  DPU  control  over  the  CCM  can 
only  resolve  to  1/17  of  a  P-chip  The  range  measurement, 
thus-  is  subjected  to  a  "vernier  range”  correction  which 
corresponds  to  the  differnce  between  the  t er o-c r o s s i ng 
derived  by  the  code-peaking  operation  and  the  code  phase  at 
the  time  the  measurement  was  made  The  DPU  thus  stores  the 
range  information  and  proceeds  to  subsequent  tasks 

The  preceding  discussion  is  a  general  one.  other 
receiver  sequences  can  be  invoked  by  the  processor  to 
accomplish  other  similar  tasks  The  basic  functions. 


PAGE  216 


howtvtr,  are  thoi*  described  here 


4  1  3  DATA  PROCESSING  UNIT 

The  Data  ProcMimg  Unit  it  the  computational  and 
control  component  for  the  MVUE  system  The  DPU  is 
subdivided  into  the  following  modules 

4131  MICROPROCESSOR  MODULE 

The  components  of  the  MPM  are  the  microprocessor  unit, 
address  decode  logic,  programmable  read-only  memory  (PROM), 

PROM  power  switching  circuitry,  r and om-a c c e s s  memory  (RAM), 
clock  circuitry,  and  buffer  logic 

The  basic  functional  component  of  the  MPM  is  the  single 
chip.  16-bit,  I n t eg r a t ed - I n j ec t  i  on-Log i c .  SBP  9900 

microprocessor  unit  The  SBP  9900  is  software  compatible 
with  the  TI  990  minicomputer  family  General  operational 

c harac ter  i  s t  l  c s  the  microprocessor  unit  eihibits  are 

(A)  16-bit  instruction  word 

(B)  2  75  MHi  basic  clock 

(C  >  Memor y-to-memory  architecture 

(D)  Memory  address  capability  for  up  to  32.768  siiteen-bit  word 

or  65.536  eight-bit  bytes 

(E>  Separate  memory.  I/O.  and  interrupt  bus  structure 

(E)  Use  of  16  work-space  registers  in  memory 

(G)  Up  to  16  priontued  interrupts 


(H)  Instruction-driven  communication  register  unit  (CRU)  and 
direct  memory  address  (DMA'  I/O  capability 


The  MPM  addrtti  decode  logic  perform*  memory  address 
recognition  and  decode  for  the  memory  (PROM  or  RAM) 
contained  within  the  MPM  The  PROM  on  the  MPM  provide*  the 
eicroprocettor  unit  with  M2  word*  of  nonvolatile  storage 
for  program  instruction  and  data  constant*  The  PROM 
switching  circuitry  minimiie*  MPM  power  by  disabling  the 
power  source  from  all  MPM  PROM  devices  not  being  addressed 
The  RAM  on  the  MPM  provides  the  microprocessor  unit  with  256 
words  of  high-speed  read/write  memory  for  allocation  as 
work-space  memory  The  buffer  logic  on  the  MPM  memory  bus 
provides  the  mechanism  for  information  transfer  between  the 
MPM  and  memory  for  instruction  fetch  operations  and 

storage/data  retrieval  operation*  The  instruction-driven 
CRU  bus.  along  with  the  microprocessor  unit  DMA  I/O  feature, 
provides  the  MP M  with  input/output  capabilities 

4132  DATA  MLMORY  MODULE 

Each  DMM  provides  the  system  with  4,096  words  of 
r and om-ac c e * s  read/write  memory  for  temporary  storage  of 
17-bit  data  words  <16  bits  for  data  and  1  bit  for  parity) 
Each  DMM  .contains  a  single-port  data  and  address  bus 
compatible  with  the  MPM  local  memory  bus 

4133  COMMUNICATIONS  REGISTER  INTERFACE  MODULE 
The  CRIM  consist*  of 

(A)  Communication  register  unit  decoder  and  buffer* 

<B)  Interrupt  circuitry 
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(C)  Parity  g an er a t or / c h e c k a r 


(D)  Reset  circuitry 

The  CRIM  decodes  bits  3  through  5  of  tha  addrett  but 
into  aight  ragistar  talact  1  mat  for  uta  by  any  CRU  davica 
Tha  othar  addratt  and  CRU  control  linit  ara  alto  buffarad 
for  uta  by  CRU  dovicaa  Tha  mtarrupt  circuitry  tynchonizat 
tha  mtarrupt  stimuli,  providat  mtarrupt  mas k i ng / c 1  ear i ng 
capability.  and  ganaratat  tha  interrupt  request  and  coda 

tignalt  for  tha  MPM.  (rafar  to  Table  4  1  3-1  for  tha 

Intarrupt  priorities)  Tha  parity  g aner at  or /c h ac k ar 

performs  parity  checks  on  read  operations  and  generates  tha 
parity  bit  for  storage  during  operations  to  read/write 

memory  Parity  errors  are  signaled  to  the  DPU  as 

interrupts  The  reset  circuitry  receives  the  various  system 
reset  stimuli  (e  g  .  from  power  supply)  and  provides 
corresponding  reset  signals  to  the  other  processor  modules 
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TABLE  4  13-1 

DPU  INTERRUPT  PRIORITY  RANKING 


INTERRUPT 

LEVEL 

TYPE 

COMMENTS 

0 

POWER  ON 

NON-MASKABLE  INTERRUPT 
INVOKED  BY  POWER  GOOD 
EROM  POWER  SUPPLY 

t 

PARITY 

ERROR 

CRIM  GENERATES  CHECK 
PARITY  ON  ALL  RAMS 
READ/ WR I TE  CYCLES 

2 

— 

SPARE 

3 

MEMORY 

TIME-OUT 

LOCAL  BUS  TIME  OUT  IS 
GENERATED  BY  CRIM  ANYT 
MORE  THAN  4  WAIT  STATE! 
OCCUR  ON  LOCAL  BUS 

4 

IMS  EPOCH 

1  MS  C/A  COPCH 

5 

5  MS  TM 

5  MS  TIME  MARK 

6 

20  MS  ETE 

RCVR  LRU 

20  MS  EUNDAMENTAL  TIME 
ERAME  ( FTE )  INTERRUPT 

7 


SPARE 


4134  PROGRAM  MEMORY  MODULE 

The  Program  Mrnioru  Module  (PMM)  it  a  Read  Only  Memory 
module  16.384  16  bit  word*  can  be  addressed  within  the  PMM 
module  The  unit  interfaces  onto  the  MPM  address  and  data 
bus 

4135  MEMORY  ALLOCATION 

The  DPU  is  implemented  with  a  memory  paging  capability 
such  that  greater  than  32.768  addresses  are  available  for 
addressing  space  Figure  4  1  3-1  illustrates  the  memory 
partitioning  The  lower  8K  of  memory  is  termed  the  root 
section  of  program  memory  The  neit  1 6K  is  the  paged 
segment  Two  pages  of  program  memory  can  be  enabled  for 
addressing  in  this  segment  The  following  6K  is  dedicated 
to  scratchpad  memory  Addresses  30.720  to  32.000  are 
unused  Addresses  32.000  to  32.768  are  utilized  by  the  MPM 
for  PROM  and  RAM  memory  The  memory  paging  function  is 
accomplished  via  CRU  commands  to  the  E I OM  With  this  paging 
function,  a  total  memory  capacity  of  47,872  addresses  are 
aval  lab  1  e 
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The  MVUE  igitr m  is  dvaivablr  in  two  types,  the  RAM  and 
PROM  systems  These  systems,  as  also  illustrated  by  Figure 
4  1  3—1.  are  either  strictly  a  Data  Memory  Module  ( l)MM ) 
system  or  a  combination  Program  Memory  (PMM)  and  DMM 
system  The  RAM  system  is  composed  of  12  DMM ' s  with  one 
module  programmed  for  2K  utilization  The  PROM  system  is 
composed  of  three  PMM  '  s  and  two  DMM  '  s  One  of  the  DMM  '  s  is 
again  programmed  for  2H  utilization  One  of  the  PMM ' s  (the 
Program  Memory  Root)  is  programmed  for  8K  utilization  while 
the  other  two  constitute  the  two  1 6>K  pages 
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4  1  4  EXTERNAL  INPUT/OUTPUT  MODULE 

The  Eit»rnj)  Input/Output  Module  ( E I OM )  functions  as 
the  primary  interface  with  eiternal  devices  and  provides  the 
system  with  unique  system  functions  to  accomplish  various 
tasks  The  EIOM  provides  interface  signals  to  the  CDU  and 
the  Digital  Message  Device  It  generates  key  system  clocks 
and  time  marks  from  the  systems  Master  Oscillator  Power 
supply  control  emanates  from  the  El OM  when  a  user  desires  to 
set  the  unit  to  STANDBV,  WARMUP,  and  the  ON  modes  Included 
in  the  EIOMs  implementation  is  a  time  keeping  circuit 
(Digital  Counter)  which  allows  the  system  to  keep  track  of 
elasped  time  to  a  resolution  of  20  ms  while  in  a  STANDBV 
mode  or  while  in  WARMUP  'Ihen  coming  out  of  a  STANDBV 
situation  the  DP U  can  read  the  elapsed  time  which  allows  an 
update  of  time  for  the  reacquistion  process  When  in  a 
WARMUP  situation  the  timer  is  monitored  for  the  13  66  min 
point  At  this  instant  power  is  enabled  to  the  entire 
system,  as  the  WARMUP  mode  is  non-operating  limited  power 
mode  Ai  power  is  enabled  a  level  O  interrupt  is  issued  to 
the  DPU  to  lnitialiie  the  system  into  the  appropriate 
state 

The  EIOM  also  allows  the  DPU  to  select  the  appropriate 
memory  page  for  program  executions  This  capability  allows 
memory  capacity  to  exceed  the  SBP  9900s  capacity  of  32,768 

addresses 


PACE  224 


4  1  3  MASTER  OSCILLATOR 


The  Matter  Oscillator  is  a  10  MHi  frequency  reference 

for  the  system  The  oscillator  possesses  a  short  term 

9 

stability  less  than  2  i  10  (l<r)  over  a  10  sec  interval 

The  signals  derived  from  the  Master  Oscillator  are 

distributed  throughout  the  system 

4  1  6  MVUt  POWER  SUPPLY 

The  MVUE  Power  Supply  converts  a  24  S/DC  (nominal) 
signal  from  either  a  battery  or  a  24  volt  generator  into 
eight  distinct  power  bust  'ts  The  buss  es  are  subdivided 
into  switchable  and  continous  busses  While  in  WARMUP  and 
STANDBY,  the  MVUE  s  switchable  busses  are  inhibited  to  set 
the  system  to  a  low  power  consuming  mode  While  in  this 
mode  only  hey  circuits  will  be  set  to  the  " ON "  mode  The 

EIOH.  for  eiample.  will  have  only  the  standby  timer 
powered  Scratchpad  memory  associated  with  the  processor 
will  be  hept  " ON “  to  retain  data  required  for 
reac  qu  t  s l t l on 
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4  1  7  MVUE  INSTRUMENTATION  SYtiTE  M  INTI  RE  At!  MODULI 

The  MVUE  Instrumentation  System  Interface  Module 
(MISIM)  it  the  meant  by  which  a  user  can  monitor  the  status 
of  the  system  The  status  of  the  system  can  be  outputed  by 
a  number  of  methods  The  system  is  implemented  with  analog 
and  digital  test  points  which  are  either  buffered  or 
selected  for  monitor  on  a  multipleier  test  point  The 
available  analog  test  points  are  inputted  into  a  multipleier 
such  that  any  one  can  be  made  available  thru  a  multipleier 
buffer  The  MISIM  also  makes  available  the  Maintenance 
Panel  interface  which  allows  the  user  to  intervene  with 
processor  eiecution  as  the  need  arises  The  MISIM  also 
makes  available  two  other  key  interfaces  One  is  the 
Control  Display  Unit  interface  which  allows  actuation  of 
these  lines  via  the  instrumentation  port  The  second  is  the 
MVUE  Instrumentation  System  (MIS)  recording  interface  This 
interface  port  allows  dumping  of  key  system  parameters  which 
are  stored  in  RAM  memory  during  normal  system  operation 

4  1  0  RECE I VER /PROCESSOR  HARDWARE  INTER! ACES 

The  operational  software  resident  in  the 
Rec e 1 ver /Pr oc e s s or  drives  all  hardware  within  the  unit  All 
control  is  accomplished  via  the  CRU  structure  associated 
with  the  SBP  9900  at  the  heart  of  the  DPU  Thus.  software 
by  utlliiing  the  repetoire  of  CRU  type  instructions 
activates  and  monitors  all  hardware  activity 
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4  10  1  INIERNAl  LRU  SYtilLM  SI HUC TUNE 

In  employing  th#  SBP  9900'*  CRO  capability.  t  h  «r  system 
was  imp  1  tmtntid  *uch  that  the  addrm  but  i*  subdivided  into 
four  major  4  bit  field*  That*  field*  arc  the  R.  M,  B  and  L 
field*  Th*  R  field  bit*  are  th*  MSB  *.  which  determine 
what  major  **gment  of  hardware  i«  to  be  addr****d  *uch  a* 
on*  of  N  receiver  section  *ince  tout  CPS  *y*t*m*  include 
more  than  on*  receiver  Table  4  1  8-1  define*  what  each 

«tat*  a*toc  lated  with  the  R  field  define*  Th*  M  field  bit* 
are  th*  neit  lower  order  three  bit*  Thi*  field  it  reterved 
for  a  tpec  if  ic  module  within  a  receiver  Th*  B  field  bit* 
are  utilized  to  define  a  Byte  of  teven  bit*  within  a  module 
while  the  L  field,  th*  three  LSBt.ere  utilized  to  define  a 
specific  latch  within  a  Byte  Th*  Receiver 

Har d w* r e /So f t war e  Interface  Control  Document  TJ  Drawing 
2009817  i*  a  detailed  description  of  th*  receiver  control 
signals  while  the  EIOM  Specification  Drawing  No  2009714 
contain*  tho«*  CRU  operation  associated  within  th*  EIOM 
Figure  4  1  8-1  represent*  this  interface  from  a  high  level 

Not  «hown  in  diagram  i»  the  CRIM  which  decode*  the  R  field 
of  the  address  bus  The  decode*  are  designated  a*  CRR.  and 
serve  a*  enables  to  various  hardware  segments  Th*  M.  B 

and  L  field*  ar*  then  routed  to  the  various  hardware  module* 
along  with  th*  other  key  CRU  signal*  (CROCK,  CRUOUT.  DATA, 
and  CRUIN  DATA)  Th*  control  signals  required  by  th# 

Wideband  Module  and  th*  two  Narrowband  Module*  are  decoded 
in  the  Output  module  The  Frequency  Synthesizer  module 
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drc  odtt  the  L  field  while  depending  on  the  Output  Module  for 


B  field  decode*  The  Code  Generator  Module 

Bu 1 1 t- I n-Te* t  Module  decode  the  B  and  L  field* 


and 
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IABLF  4  1  a  1 


•  -FIELD  (ft 


n-rici  o  too 


cruci  k 

CRUOUT  DATA 


INTHM 
LEVEL  4 


(CRR  4-  CRR  ) 
0  7 


C*UIN  DATA 

I NTRR 
LEVEL  S 
LEVEL  A 


CONTROL  S  IONAL  OUTPUTS  <400)  lO  MODUl  ES| 

- ^ 1 

I  CLTAU1 .CLTAU? .  W.B.  I 

-  -  - -  ^  MOOUl  E 


Cl t  U  2 .CLATT . 
CLTAU 1 


OUTPUT 
MODUl  I 


(5) _  _ j 

- 1  . . .  ■  ’  -  ~  P 

Cl  Q‘.  W  1  ,  CL  AdCTC  11  , 

W.B. 

-Cl  Ai.Ul.'l  ,Cl  Al.CM  1  .  ♦ 

MODUl  e 

-  CL ACC NOLO  I  -# 

■  - - — -  .  - - .» 

f 

<5) 

CLOSWa'CL  AC.CTC  1  4*  . 

W  .  H  . 

-  CL  AGCTC  d  2  .  Cl.AGCSE  l  ?P 

_  CI.AGChoI  D2 

—  ■  -  -  - - # 

MODUl  t 

2 

14) 

-  CPOACL.OAO  CP  BO  ,  -♦ 

ft  NL  Q  . 

—  CP  0  1  ,  CP  ft  2 

SYNTH . 
MOOUl  L 

M  700  [7=0 

l  1  •  •  •  ( 

!  CONTROL  SIGNAL 

400 


r 

•^HHh 


_ C_  A  CPOCM 

INTMM . 

11  r 

i - 


CONTROL 

signal 

OUTPUTS 

(200) 


CONTROL 
S  IGNAL 
OUTPUTS 
E 


CONTROL 

SlGNAl 

OUTPUTS 

L 


#  SIGNAL 

-  OUTPUT 


CODE  CONTROL 

GC  N  .  #  SIGNAL 

MODUl  t  •  OUTPUT 


•  CONTROL 
TEST  •  SIGNAL 
MOOUL t  #  OUTPUTS 


NOTE  S  f 

1  CPU-AOORESS  consists  or  R  ,  M 
L  riELDS  M-PIT  VECTOR) 

2.  R-EICIO  IS  OCCOOCO  TO  CRR  CRUIN 
NO'S  TO  POINT  THE  UNIT  OR  THE 
MODUl  r  TO  INTERFACE. 


Figure  4. 1.8-1.  GPS  MVI'E  CRti  Interface  Diagram 
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4182  EXTERNAL  INTERFACES 

The  R»c«lv*r/Proc»»»or  ha*  a  variety  of  interface* 
which  include  operator.  RF .  Power.  CDU,  Radio/DMD.  VIK.  and 
MIS  Interface 

The  Operator*  Interface  to  the  *y*tem  it  illustrated  by 
Figure  4  1  8-2.  which  is  the  TOP  COVER  VIEW  of  the 
Rec e iver /Pr oc essor  The  MVUE  User*  Manual  in  Appendix  A 
provides  a  detailed  description  of  the  various  controls 
associated  with  this  operator  interface 

4  1  8  2  1  RF  INTERFACE 

The  RF  Interface  for  the  Recelver/P  essor  include* 
two  RF  input*  which  corre*pond  to  the  LI  ana  L»  (15/5  42  MH  i 
and  1227  6  MH i  respectively)  signal*  from  a  number  of 
satellite  vehicle*  The  typical  LI  and  L2  signal*  it 
c harac ter i i ed  below 

The  Rec e i ver /Pr oc e* *or  it  designed  to  operate  with  the 
signal  level*  specified  below 


P  (  m  i  n  ) 

( ma  i  ) 

C  /  A  <  M  I  N  ) 

( ma  i  ) 

LI 

-163  dBw 

130  dBw 

-163  dBw 

130  dBw 

L2 

- 1 66d  Bw 

130  dBw 

N/A 

Link  1  (LI)  Signal 

The  transmitted  center  frequency  of  the  LI  signal  is  1575  42 
MH  i 
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Doppler  offset  doe  to  SV  motion  in  approi imately  ♦  48  KH/ 
and  doppler  due  to  vehicular  motion  of  25  0  m/sec  it  +0  131 
KHi.  for  a  total  doppler  variation  of  9  9  KHi 

The  in-phate  and  quadrature  component*  of  the  LI  carrier 
will  be 

PSH  modulated  (  *90  degree*)  by  the  PRN  P-CODE  modulo  two 
added  to  *y«tem  data  and  the  PRN  C/A  modulo  two  added  to  the 
•ame  tyttem  data,  respectively 

Link  2  <  L2  >  Signal 

The  transmitted  center  frequency  of  the  L2  signal  is  1227  6 
MM  l 

Doppler  offset  due  to  SV  motion  it  ♦  3  7  KH i  and  doppler  due 
to  vehicular  motion  of  25  0  m/sec  is  ♦  102  KHi,  for  a  total 
of  7  6  KHi 

The  L2  carrier  are  PSK  modulated  <♦  90  degrees)  by  the  PRN  P 
code  modulo  two  added  to  the  system  data  or  the  PRN  C/A 
coded  modulo  two  added  to  the  system  data 
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41822  POWER  INTERFACES 

The  Pout  r  Interface*  to  the  R»tfiv»r /Procnsor  includes 
two  input  connectors  One  connector,  which  is  refered  to  «s 
the  Eiternal  Power  connector.  is  associated  with  the 
vehicular  power  modes  The  specification  for  a  typical 
source  is  c harac ter i i ed  in  Table  4  1  8-2  The  EXT/1NT 
switch  on  the  R ec e l ver /P r oc * s s or  top  cover  must  be  set  to 
EXT  to  function  in  this  mode  The  second  connector  is  on 
the  bottom  surface  of  the  Rec e l ver /Proc essor  The  side 
opposite  the  Top  Cover 
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TABLE  A  1  8-2 


PRIME  POWER 

PARAMETER 

MIN 

INPUT  VOLTAGE  20 

INPUT  CURRENT 
INPUT  POWER 
RMS  RIPPLE 
RIPPLE  FREQUENCY 


SPECIFICATIONS 


REQUIREMENT 


TYP  MAX  UNITS 

24  30  V 

2  50  3  75  A 

60  75  W 

1  0  V 

500  HZ 


Thi*  input  i»  from  the  Battery  Pact  which  contain*  Lithium 
or  Nicad  batterie*  generating  DC  power  at  a  nominal  voltage 
of  24  volt*  In  order  to  function  from  the  battery  mode  the 
EXT/INT  twitch  mutt  be  *et  to  the  INT  mode 
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4  1  B  2  3  CONTROL  DISPLAY  UNIT  INTLRFACE 

The  Control  Display  Unit  (CDU)  Interface  is  composed  of 
power  signals  and  logic  signals  The  CDU  derives  its  power 
from  the  Receiver/Procenor  power  supply  The  power  busses 
routed  to  the  CDU  include  *5  VDC  and  -12  VDC  The  logic 
signals  utilized  are  those  involved  in  serial  transfers  to 
and  from  the  CDU  The  Recnver/Protesior  controls  the 
transfers  in  both  cases.  that  is  to  say  that.  the 
Rec e i ver /Pr oc es sor  clocks  data  to  the  CDU  as  well  as 
clocking  data  out  The  signals  involved  are  those  listed 
b  e  1  ow 


A)  CDUDIN  -  The  serial  data  line  utiliied  to  send  data  to 
the  CDU 

B>  C DUCK  IN  -  The  clock  associated  with  sending  data  on  the 
CDUDIN  line 

C)  CDUDOT  -  The  serial  data  line  utiliied  to  eitract  data  from 

the  CDU 

D)  CDUCKOT  -  The  clock  associated  with  eitracting  data  on  the 

CDUDOT  line 

The  data  formats  for  sending  and  receiving  data  to  and  from 
the  CDU  are  shown  in  Figure  4  1  0-3  A  and  D 
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DATA  FORMATS 


Data  Format.  To  CDU 


Display  Address 


Refer  to  Tables  4. 1.8-3,  4  and  5  for  data  field  formats 


Data  Format  f  rcn  CPU 


Start 
bi  t  | 


Key  Address 


Refer  to  Table  4.1.8-f  for  data  field  format 


PMD/Padio  Data  Forma 


300  hits 


One/ Zero 
Reversal  $ 


filoci  I 


Flock  III 


Hock  II 


Preamble 


Synchronisation  Se<i 


Messaoe  Data 


Refer  to  Data  Block  Contents  description 


♦•The  last  four  characters  in  Block  III  are  FOT's 


Fujure  4.  1.8-3.  Serial  CDU  Data  Formats 


lafole  4.  1.8-3.  Display  Address  format 


Display  ♦ 

Binary 

Hex 

Locat  ion 

MSB 

LSB 

Decimal 

1 

0 

0 

0 

0 

1 

01 

2 

0 

0 

0 

1 

0 

02 

3 

0 

0 

0 

1 

1 

03 

4 

0 

0 

1 

0 

0 

04 

5 

0 

0 

1 

0 

1 

05 

6 

0 

0 

1 

1 

0 

06 

7 

0 

0 

1 

1 

1 

07 

8 

0 

1 

0 

0 

0 

08 

9 

0 

1 

0 

0 

1 

09 

10 

0 

1 

0 

1 

0 

0A 

11 

1 

0 

0 

0 

1 

11 

12 

1 

0 

0 

i 

0 

22 

13 

1 

0 

0 

1 

1 

13 

14 

1 

0 

1 

0 

0 

14 

IS 

1 

0 

1 

0 

1 

15 

16 

1 

0 

1 

1 

0 

16 

1/ 

1 

n 

1 

1 

1 

17 

18 

1 

l 

0 

p 

0 

18 

19 

1 

l 

0 

0 

1 

19 

20 

1 

l 

0 

1 

0 

1A 

Refer  to  figure  4 . ? - 1 . 


Table  4. 1.8-4.  ASC  1!  Data  format 


USA SC  I  I 

h.trac  ter 


a  cr 

M 

1 

MSB 

"Uj 

jL 

1 

ISB 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

0 

0 

l 

0 

0 

0 

! 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

n 

1 

1 

1 

1 

0 

n 

l 

0 

0 

0 

I 

0 

0 

i 

n 

0 

1 

I 

n 

0 

i 

n 

1 

0 

1 

0 

l 

0 

1 

1 

1 

o 

0 

1 

l 

n 

n 

1 

0 

0 

i 

l 

0 

l 

1 

c 

n 

i 

I 

i 

0 

1 

0 

n 

l 

l 

l 

1 

1 

0 

l 

n 

o 

0 

0 

1 

0 

l 

0 

0 

n 

1 

1 

n 

i 

0 

n 

l 

0 

1 

0 

l 

0 

n 

l 

1 

1 

o 

l 

n 

l 

0 

0 

1 

0 

l 

o 

1 

t 

n 

1 

1 

n 

I 

0 

1 

l 

0 

1 

0 

l 

o 

l 

l 

1 

1 

0 

1 

i 

l 

o 

n 

0 

1 

0 

i 

l 

0 

0 

1 

1 

0 

l 

l 

n 

l 

0 

1 

0 

l 

1 

0 

i 

1 

1 

0 

l 

i 

i 

o 

0 

1 

0 

i 

l 

l 

0 

1 

1 

0 

l 

t 

l 

1 

0 

1 

0 

l 

1 

l 

l 

1 

0 

1 

0 

0 

0 

0 

0 

c 

1 

0 

0 

0 

0 

1 

n 

1 

0 

0 

0 

1 

0 

Table  4. 1.8-4.  ASC  II  Data  Format  (Contd) 


f  f  ■ 

IKAQT  ft 

’  Uo. 

1  1 

1 

LSB 

Ujm jL  1  1 

Char  at  t  or 

0 

l 

0 

P 

0 

1 

1 

» 

P 

l 

P 

P 

l 

0 

0 

$ 

0 

1 

1 

0 

n 

1 

0 

1 

O 

0 

l 

P 

p 

1 

I 

0 

f. 

n 

] 

0 

n 

1 

] 

1 

• 

0 

l 

0 

l 

0 

0 

( 

0 

l 

P 

l 

p 

p 

1 

) 

o 

l 

P 

l 

0 

1 

0 

• 

p 

l 

0 

i 

p 

I 

1 

4 

0 

1 

P 

i 

1 

n 

p 

• 

p 

l 

P 

l 

1 

0 

1 

. 

0 

l 

0 

l 

1 

i 

0 

0 

l 

P 

l 

1 

l 

1 

/ 

0 

l 

1 

n 

0 

0 

0 

r 

p 

I 

1 

p 

0 

0 

1 

i 

0 

l 

1 

0 

0 

1 

0 

2 

0 

l 

I 

0 

0 

1 

1 

3 

p 

1 

1 

0 

1 

p 

0 

4 

0 

l 

1 

0 

1 

p 

1 

S 

p 

l 

I 

0 

1 

1 

0 

6 

p 

1 

I 

0 

1 

1 

1 

; 

0 

1 

l 

1 

0 

0 

0 

8 

p 

l 

I 

1 

0 

0 

1 

0 

0 

l 

1 

! 

0 

1 

p 

n 

I 

1 

1 

p 

1 

1 

p 

l 

1 

1 

1 

n 

0 

< 

p 

l 

I 

1 

1 

0 

I 

0 

l 

1 

1 

I 

i 

0 

> 

p 

\ 

4 

I 

I 

1 

l 

1  i 

"  A 

7T 

IT 

~T~ 

~r 

"TV 

^5 

rni 

P 

p 

1 

0 

1 

1 

0 

SYN 

P 

0 

0 

1 

1 

I 

1 

SI 

Table  4. 1.8-6.  Key  Address  Format 


Key 

Key 

Ad  re  s  s 

( ocat  ion 

Code 

MSB 

L  SR 

1* 

0 

0 

1 

0 

1 

i  hi 

0 

c 

F 

J 

1 

0 

* 

PAP 

3 

0 

n 

1 

1 

0 

SI  l 

4 

0 

0 

1 

1 

1 

GKO 

S 

0 

l 

0 

0 

1 

Upper  left 

t 

0 

l 

0 

0 

0 

CLP 

J 

0 

l 

0 

1 

0 

U|  |«er  Ri<)ht 

8 

0 

l 

0 

1 

1 

IA! 

o 

0 

l 

1 

0 

1 

1 

in 

0 

l 

1 

0 

0 

C 

it 

n 

l 

1 

1 

0 

3 

i? 

0 

l 

1 

1 

1 

TIP 

13 

i 

n 

0 

0 

1 

4 

14 

i 

0 

0 

0 

0 

L 

IS 

l 

0 

n 

1 

0 

f. 

lf> 

i 

n 

0 

1 

1 

PNG 

1/ 

l 

n 

1 

n 

1 

/ 

IP 

l 

0 

1 

n 

0 

8 

19 

l 

0 

1 

l 

n 

9 

?o 

i 

0 

] 

1 

l 

Al  T 

?1 

i 

1 

0 

0 

i 

— 

?? 

i 

1 

0 

0 

0 

0 

?3 

i 

l 

0 

1 

0 

?4 

i 

1 

n 

1 

1 

MX 

Or  sc  r  l  |<t  ion 

[  PP 

l 

l 

l 

0 

n 

When  an  input  data  error  t «, 
detect  i"d,  the  CDU  will 
output  thi  code  to  the  user 

PAT) 

l 

l 

l 

0 

l 

When  PA|  t  ■,  depressed,  the 
COU  will  output  this  code 
to  the  user  [>rior  to  trans¬ 
mitting  tWD  or  Radio  data. 

smr 

i 

1 

i 

1 

l 

COt  code  when  in  SlUCY 

As  implied  by  the  data  formats  shown  in  the  Figure 
transfers  are  ac  c  omp I  cn  shed  via  16  bit  clock  intervals 
These  clocking  intervals  are  attained  by  executing  CRU 
operations  in  the  EIOM's  CRU  space 

When  a  user  depresses  the  RAO  keg  on  the  CDU  a  special 
serial  mode  is  invoked  which  involves  both  the  CDU  and  the 
Rec e i ver /Proc essor  This  special  format  is  associated  with 
Digital  Message  Device  Communication  As  shown  in  Figure 
4  1  B-3c  the  message  is  composed  of  a  preamble, 
sync hron i tat i on  segment,  and  three  data  blocks 

The  preamble  shall  be  300  bits  of  alternating  ones  and 

i  er  os 

The  s y nc h r on i i a t l on  segment  consists  of  four  0-blt 
ASCII  characters.  7  bits  of  data  from  Table  4  1  0-4  and  1 
bit  of  odd  parity  per  character  The  first  three  characters 
shall  be  ASCII  SYN  characters  while  the  fourth  is  an  ASCII 
SI  character  These  synchronisation  characters  are  separate 
and  distinct  from  the  succeeding  data  blocks  They  are 
transmitted  in  serial  form.  MSB  to  LSD  immediately  after  the 
p  r  eamb 1 e 

A  data  block  is  composed  of  siiteen  twelve  bit 
characters  arranged  vertically  as  shown  in  Figure  4  1  8-4 

Each  of  the  twelve  bit  characters  is  an  ASCII  character 
(7-bits)  followed  by  five  (5)  odd  parity  bits  formed  as 
f  o 1  lows 

A)  PI  is  odd  parity  on  the  7  data  bits 
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U>  H2  it  odd  parity  on  bitt  1.  3.  5.  7 
C>  P3  it  odd  parity  on  bits  2.  3.  6.  7 
D>  P 4  it  odd  parity  on  bitt  4,  3.  6.  7 

E)  PS  it  odd  parity  on  bitt  7  data  bitt  and  P  thru  P4 


The  character  productd  it  b 1 b2b3b4b 5b6b 7P 1 P2P3P4P5  whtrt  bl 
th»-u  b7  it  the  ASC  II  character  with  b7  the  MSB  and  bl  the 
l SB  Whan  tha  data  blocks  art  transmitted.  transmission 
will  proceed  in  a  left  to  right  fashion  starting  at  the  top 
of  the  block  at  shown  in  Figure  4  1  8-4,  such  that  all  bl 
bits  for  all  siiteen  characters  are  transmitted  first 
followed  by  all  b2  bits  for  all  siiteen  characters  and 
proceeding  in  this  manner  through  the  PS  parity  bits 

The  three  data  blocks  shall  contain  data  at  shown  in 
the  following  list 
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Block 


Charac t »r 

Block 

I 

Block 

1 1 

Block 

III 

Numb  *r 

1 

Display  Character 

1  ♦ 

Display 

Charac  t*r 

1  1 

0 

2 

0* 

(1 

H 

12 

0 

3 

T 

(« 

•1 

13 

0 

4 

I 

•1 

M 

14 

0 

5 

D 

- 

M 

15 

0 

6 

B 

» 

•* 

16 

0 

7 

T 

- 

M 

17 

0 

8 

Display  Charac  t*r 

2 

“ 

•• 

18 

0 

9 

M 

M 

3 

N 

M 

19 

0 

10 

- 

M 

4 

Di sp lay 

Character 

20 

0 

1  1 

M 

M 

5 

0 

0 

12 

M 

M 

6 

0 

0 

13 

M 

M 

7 

0 

EOT 

14 

“ 

M 

8 

0 

EOT 

15 

M 

M 

9 

0 

EOT 

16 

m 

M 

10 

0 

EOT 

•Display 

c  harac  t*r  l 

shall 

b  » 

control  1 *d 

by  th* 

us*r 

to 

r»pr»s*nt  th* 

destination 

address 

of  th* 

mrttigt 

or 

th  • 

idfntiMir  cod*  for  th*  receipvnt  of  th*  message 

•Block  ck«rict«rt  2-7  of  Block  I  shall  always  b*  as 
shown  wh t 1  *  th*  last  four  charactvrs  of  Block  III  shall 
always  b*  EOT  ASCII  charactvrs 

Th*  R*c *  1 v*r /Pr oc *ssor  via  commands  previously  issufd 
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to  the  system  will  clock  the  formatted  data  from  the  (DC 


with  on*  of  three  bit  rates  These  rates  include  300 .  600 . 

and  1200  bits  per  second 
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41024  RAD10/DMD  INTERFACE 

The  RADIO/DMD  Interface  it  the  meant  by  which  the 
Rtctivir/Proctttor  communicates  with  the  Digital  Message 
Device  DMD  The  interface  include!  an  analog  tignal  which 
it  compatible  with  the  DMD  The  analog  tignal  it  Frequency 
Shift  Keyed  (FSK)  bated  on  the  information  being  eitracted 
from  the  CDU  when  the  RAD  key  it  depretsed  Thut  the 
Receiver/Procettor  clocks  the  serial  data  from  the  CDU  The 
data  it  routed  to  the  EIOM  which  converts  the  information  to 
FSK  data  and  buffered  to  the  Radio/ Handover  connector  The 
FSK  tones  are  1200  and  2400  Hi  while  the  bit  rate  is  300. 
600.  and  1200  baud  This  interface  port  can  alto  be 
connected  to  a  radio  (PRC-25  or  77)  The  tone  would  be 
routed  to  the  connector  on  the  radio  normally  reserved  for 
the  handset  This  feature  makes  transmission  of  messages  to 
remote  DMD  '  s  possible 

4  1  0  2  5  VEHICULE  I  NS  T  Al.  I .  A  T  I  ON  KIT  INTERFACE 

The  Vehicule  Installation  Kit  (VIK)  Interface  is 
composed  of  a  power  interface  and  an  RF  interface  The 
power  interface  merely  consists  of  a  12  volt  tap  from  the 
output  of  the  Re c e i ver /Pr oc e s s or  internal  power  supply  which 
is  made  available  at  the  Antenna  Power  connector  on  the  top 
cover  of  the  Rec e i ver /Pr oc es s or  This  connector  is  utilized 
to  provide  power  to  the  VIK  Pre-Amplifier  section  while  the 
unit  it  in  a  vehicular  mode  The  RF  interface  is  for  the 
amplified  L1/L2  signals  from  the  VIK  Pr e -Amp  1 i f i er  The  RF 
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signal  is  injected  in  to  the  Vehicule  Antenna  UNC  connector 
on  the  top  cover  of  the  Re c e  i  ve r /P r oc e s s or  the  signal  for 
this  input  is  c harac t er  i  i  e d  below 

'* 

Bandwidth  ♦  25  MHi  around  LI  and  L2 

Power  Level  -88  dBm  (C/A)  nominal 

VSWR  1  5  1 

41826  MVUE  INSTRUMENTATION  SYSTEM  INTERFACE 

The  MVUE  Instrumentation  System  (MIS)  Interface  is 
subdivided  into  two  major  areas  These  two  areas 

include  the  Maintenance  Panel  interface  and  the  MIS 
interface  The  Maintenance  Panel  interface  is  those 
signals  required  to  intervence  with  processor 
eiecution  Detail  descriptions  of  each  signal  is 

provided  in  the  module  descriptions  for  the  M1SIM 
paragraph  633  The  MIS  interface  is  subdivided  into 
test  point  monitoring.  MIS  recording.  and  CDU 
interfac ing 

Test  point  monitoring  involves  calling  out  various 
analog  test  points  and  real  time  availability  of  other 
key  system  signals  Table  4  1  8-7  shows  those  signals 
that  are  available  for  real  time  monitor  while  Table 
4  1  8-8  lists  those  signals  that  are  available  for 
monitor  on  a  multiplexer  This  table  also  lists  the 
addresses  associated  with  the  various  signals  These 
signals  can  be  selected  for  real  time  monitor  as  well 
as  converted  to  digital  information  by  an  A/D  converter 
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1ADIE  4  1  8-  7 


MIS  REAL  TIME  TEST  POINTS 


ITEM  NO 


DESCRIPTION 


1 

2 

3 

4 

5 

6 
7 


ERROR  A 
ERROR  U 
X  1  AGO 

b  MS  TIME  MARK 
20  MS  TIME  MARK 
10  MH 7  (MASTER  OSCILLATOR! 
20  23  MHZ  (FREQ  SYNTH  L02 > 
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TABLE  4  1  8-8 


MULTIPLEXER  SELECTABLE  ANALOG  TEST  POINTS 


TEM 

DESCRIPTION 

ADDRESS 

1 

♦  3VDC 

00 

2 

♦  1 2VDC 

01 

3 

♦  1 5VDC 

02 

4 

-3VDC 

03 

5 

-12VDC 

04 

6 

1  3VDC 

05 

7 

-13VDC 

06 

8 

5  2VDC 

07 

9 

1ST  ACC 

08 

10 

AGC  2A 

09 

1  1 

MUX  DATA 

OA 

12 

MUX  COR  1 

OB 

13 

MUX  COR 2 

OC 

14 

VCOIN 

OD 

13 

VCXO  TUNE 

OE 

16 

LOOP  IN 

OE 

1  7 

AGC  2B 

10 

18 

CODE 

1  1 

19 

ERROR  A 

12 

20 

ERROR  d 

13 

21 

GND 

1  4 

22 

SPARE  1 

1  5 

23 

SPARE  2 

16 

24 

SPARE  3 

1  7 

23 

X  1AG0 

18 

26 

MEMPC 

19 

27 

C/A  EPOCH 

1  A 

28 

DATA  CLOCK 

IB 

29 

PROC  CLOCK  (2  75  MH7 ) 

1C 

•THIS  ADDRESS  IS  INJECTED  INTO  THE  RECE I UER /PROCESSOR  ON  5 
LOGIC  SIGNALS  (ADDR  10-14)  WHERE  THE  ADDR 1 4  SIGNAL  IN  THE  LSB 
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The  MIS  recording  interface  includes  a  two  signal 
output  onlg  interface  The  interface  signals  include  the 
logic  signals  shown  below 

A)  DHQ  DATA  -  The  serial  data  line  utiliied  to  send  data  from 

the  Receiver/Procfisor  to  ang  instrumentation 
storage  medium  Signal  is  sourced  b  g  the 
Re  reiver /Processor 

B )  DHO  CLK  -  The  clock  associated  with  sending  data  on  the 

DHO  DATA  line  Signal  is  sourced  bg  the 
Rec  eiver/Processor 


The 

da  ta 

f  ormj  t 

u  1 1  1  i  i  e  d 

for  MIS  interface 

is  s  h  own  i n 

Figure  4 

CD 

T 

Da  t  a 

transfer* 

are  accomplished 

via  16  bit 

clock  intervals  These  clock  intervals  are  attained  bg 
eiecuting  CRU  operations  in  the  E I QM  '  s  CRU  space 

Operational  software  utilwes  this  interface  port  to 
send  out  keg  sgstem  parameters  normallg  stored  in  scratchpad 
memorg  IRANI  The  data  available  via  this  port  is  defined 
in  the  In  Plant  Test  portion  of  the  final  report 

The  CDU  interface  format*  have  alreadg  been  discussed 
in  section  4  1  8  2  3  The  signals  associated  with  the  CDU 
are  merelg  routed  through  this  port  such  that  an 
1 n * t r ume n t a t l on  sgstem  could  be  used  to  monitor 
transmissions  between  the  CDU  and  the  R e c e i ver /Pr o c e s s or  or 
it  could  be  used  to  emulates  a  CDU  bg  c ommun i c a t i ng  with  the 
Rec e i ver /Pr oc e s s or  utilizing  the  same  interface  formats 
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4  1  9  RECEIVER /PROCESSOR  PERFORMANCE  CHARACTERISTICS 


pirformmct 


charjctfrutict 


Rit»iv»r/Proc*»»or  are  diuuttrd  in  the 


p«rigr«pht 


f o 1 louing 


4191  VERNIER  MEASUREMENT  ACCURACY 

Assume  Code  flop*  and  average  of  16  me  a  s  ur  min  t  *  . 
C/No  ■  35  dB.  input  signal  level  -  133  dBm.  -163  dBW 


full  dynamic*  condition 


P  Code 


0  9  me  ter 


C / A  Code 


<  1 0  ) 


9  meter 


•  Code  flop  refer*  to  alternating  NflM  '  »  to  average  out  any 
electronic  delays  associated  with  each  NBM  path 


4  19  2  LI /L2  DIFFERENT  I  Al  DELAY 

Differential  delays  between  11  and  12  frequencies  shall 
not  drift  more  than 


(Id)  *  3  5  ns  over  10  minute  period  after 
oscillator  warm-up 


4  1  9  3  BIT  ERROR  RATE 

Un  detected  bit  error  rate  shall  be  less  than  5  >  10 

or  P  code  at  C/No  ■  35  dB  and  input  •  -163  dBw  or  C/A  code 
at  C/No  "  35  dB  and  input  “  -163  dBw 
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4194  PLL  TRACK  CHARACTERISTICS 

Phase  lock  loop  -  shell  track  with  mean  time  to  slip  10 
ninutii  undir  the  following  condition 

Input  4iijn.il  «  -163  dBW  P.  *  -163  dBW  C/A 
C/No  -  33  dH  P,  -  33  dt)  C/A 

Off  set  code  being  tracked  31  chip 

Frequency  input  dynamic s  at  Fo 
Lock  Range  ■  ♦  60  2  Hi 
Acceleration  ■  O  3414  Hi/sec 

4193  FLL  ACQUISITION  CHARACTERISTICS 

Frequency  lock  loop  —  shall  acquire  frequency  lock 
within  023  ♦  005  sec  when  subjected  to  a  step  frequency 

response  response  of  1 00  Hi  under  the  following  conditions 

Input  signal  level  •  130  dBm  P. 

r  -163  dBW  C/A 

Frequency  error  123  Hi  at  phase  detector 
Offset  code  being  acquired  31  chip 

Frequency  input  dynamics  at  Fo 
Lock  range  *  ♦  60  J  Hi 
Acceleration  »  ♦  O  3414  H»/*ec 
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4  19  6  FLL  TRACK  CHARACTER I ST  I CS 

Frtquvncg  lock  --  shall  maintain  urdt  hold  on  undvr  th* 
following  conditions 

Input  signal  »  -163  d  BW  P.  •  -163  dBW  C/A 
C/No  -  35  dB  P.  -  35  dB  C/A 

Off  s*t  cod*  bring  track*d  12  chip 

Fr*qu*ncy  input  dynamics  at  Fo 
Lock  Rang*  -  ♦  60  2  Hi 
Acc*l*ration  “  ♦  2  7  Hi/»»c 

4197  RANGE  MEASUREMENT  ACCURACY 
Ps*udo  Rang*  Accuraci*s  11 

P-Cod» 

Phas*  lock  loop  07  ns 

Quant l l l ng  1  66  ns 

V*rni*r  0  9  m*t*r 

corrvction 

4  1  9  B  PSEUDO  RANGE  RATE  ACCURACIES  <lcr) 

Total  Accuracy  0  2  m/s 

For  sp*cifi»d  signal  l*v*ls 


£."L-£sjLi 

07  ns 
1  66  ns 

9  m*t*r 


PAGE  237 


4199  VCXO  CALIBRATION  ACCURACY 


The  VCXO  c 

in  u 

itry  and  control  is  capable 

o  f 

being 

calibrated  to  an 

RMS 

ac  c  ur ac  y 

of  25  Hi  referenced  to 

the  154 

Fo 

f requenc y  for 

<ing 

desired 

setting  over  the  range 

o  f 

Fo  ♦ 

69 

Hi 

4  l  9  10  NO  I  St  FIGURE 

£  5  s  d  b  Am 

4  1  10  MECHANICAL  CHAR  AC  TF  R  I  S  T  R  I  C  S 

The  Mechanical  Configurations  which  are  available 
include  the  RAM  R e t e l v e r /P r o c e s s o r  and  the  PROM 

Rec e l ver /P r oc e s t or  shown  in  Figures  4  J  10-1  and  4  1  10-2 

respec  t  i  v  e  1  y 

The  RAM  R e c e  i  v e r /P r o c e s s o r  a  Random  Access  Memory  (HAM) 
configuration  which  is  electronically  configurated  with  a 
Data  Memory  Module  < DMM )  case  which  contains  RAM  type  memory 
hardware  to  store  the  operational  program  The  memory, 
therefore,  is  of  a  volatile  nature  implying  the  system 
cannot  be  powered  to  the  off  state  without  losing  stored 
information  This  particular  configuration  is  also  equipped 
with  two  DMM  Buffer  Boards  to  drive  the  additional  bus  load 
represented  by  the  two  halves  of  the  DMM  case  The  final 
significant  feature  of  the  RAM  configuration  is  that  it  can 
only  be  powered  from  an  etternal  power  source  The  top 
cover  select  switch,  therefore.  when  switching  between 
etternal  and  internal  only  selects  an  RE  source  and  does  not 
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control  power  source 

The  PROM  Re  c  e  1  ver  /Pr  oc  e  s  s  or  is  a  Programmable  Read  On  1  g 
Memorg  configuration  The  operational  program  is  stored  in 
read  onlg  memorg  and  is  not  lost  in  a  power  down  situation 
This  configuration  can  be  configurated  with  a  batterg  pack 
to  power  the  unit  for  short  periods  of  time  The  unit  can 

thus  be  powered  in  the  internal  as  well  as  eiternal  mode 
The  unit  does  have  one  significant  mechanical  variation  from 
the  R AM  configuration  this  feature  is  associated  with  the 
master  oscillator  The  oscillator  in  the  PROM  configuration 
is  mounted  to  one  side  wall  of  the  housing  to  allow  for 
maiimum  heat  transfer  from  the  oscillator  module  The  RAM 

configuration  has  its  oscillator  module  mounted  on  a  special 
bracket  that  is  welded  between  the  housing  walls  and  toward 
the  center  of  the  housing  Tables  4  1  10-1  and  2  represent 

the  current  and  power  specifications  for  each  module  shown 
in  Figure  4  1  10  l  and  2  The  Top  Cover  View  of  the 

Receiver/  Processor  is  shown  in  Figure  4  1  8-3 
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HIT  MODULI 


Flqure  4.1.10-1.  RAM  Ppcel ver/Processor 
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».•  l  .  i(  n 

M*  » A  WO 


MC  M  i  H  > 
M(»l  ||  f» 
IK)AM(i 


Table  4.1.10-2.  MVUE  RAM  Recel ver/Processor  Power  Estimates 
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4  2  CONTROL  DISPLAY  UNIT  SECTION 

The  Control  Display  Unit  (CDU)  function*  as  the  primary 
operator  interface  for  control  and  monitor  of  the  system 
The  CDU  is  utilixed  to  display  pertinent  system  information 
via  two  rows  of  10  alphanumeric  displays  Refer  to  Figure 
4  2-1  The  keyboard  is  a  6  ■  4  three  level  alphanumeric 

keyboard  The  processor  resident  within  the  CDU  <T MS 1301) 

interfaces  with  the  DPU  The  CDU  processor  accepts  display 
commands  from  the  DPU  and  proceeds  to  display  the 

information  as  required  The  CDU  processor  also  monitors 
the  keyboard  for  user  inputs  (depressed  keys)  When  a  key 
is  registered  the  processor  forms  a  code  for  the  key  and 
sends  the  message  to  the  DPU  The  CDU  also  performs  one 
other  key  task  This  task  involves  reformating  the  CDU 

display  information  to  be  compatable  with  a  Digital  Message 
Device  < DMD >  The  transmission  of  the  reformated  data  is 
extracted  (clocked  out)  from  the  CDU  by  the 

Rec e i ve r /Pr oc e s s or  section  The  data  is  routed  to  the  EIOM 
within  the  Re r e l ve r /Pr oc e s s or  Section  which  converts  the 
data  to  a  Frequency  Shift  Keyed  tone  for  output  to  either  a 
PRC-25  or  77  radio  or  directly  to  a  DMD 
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4  3  VEHICLE  INSTALLATION  KM 

The  Vehicle  Installation  K»t  (VIK)  is  composed  of  that 
equipment  required  to  mount  the  MVUE  Receiver/Procenor  in  a 
vehicular  mode  Figure  2  1-2  illustrates  that  equipment 
required  for  this  mode  of  operation  The  VIK  includes  a 
Pre-Amplifier  Unit.  a  Power  Filter  Unit,  and  Mechanical 
Mounting  Tray 

4  3  l  VIK  PRE-AMPLIFIER 

The  VIK  Pre-Amp  1 i f l er  functionally  shown  in  Figure 
4  3-1  is  similar  to  the  RF  Pre-Conditioning  hardware 
described  in  sections  4  1  1  and  6  1  1  The  similarities  are 
with  the  resident  Dipleier/F i lt*r.  Limiter.  and 
Pre-Amp  1  i  f  i  er  gain  The  VIK  Pre-Amp  has  only  one  RF  path 
while  the  RF  Pre-Conditioning  unit  has  two  This  implies 
that  the  VIK  Pre  -  Am  plifier  possesses  no  select  control  The 
VIK  Pre-Amp  unit  contains  a  Voltage  Regulator  (DC  to  DC) 
which  regulates  16  VDC  from  the  Re c e i ve r /Pr o c e s sor  unit  to 
12  VDC  to  power  the  pr e-amp  1 l f i er 

432  VIK  POWER  FILTER 

The  VIK  Power  Filter  is  merely  an  EMI  device  designed 
to  both  prevent  EMI  signals  from  entering  the  MVUE  system 
and  prevent  signals  sourced  by  the  MVUE  system  from  entering 
other  adjacent  systems  (if  any)  The  Power  Filter  is 
designed  to  be  connected  in  series  with  any  eiternal  power 
source  that  a  user  may  decide  to  connect  to  the  MVUE 
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lMUimoN 
LOSS  (Ob) 


1/  MIASUtE  0  IK  A  SO  ohm  STSTfM  P(R  Nll-STO-220 
1/  MEASURED  UNOEA  *  cOAO  OF  10  AMPS  «•>  28  VOLTS 


Flnure  4.3-2.  Power  Filter  Insertion  Lois  Characteristics 


433  VIK  MECHANICAL  MOUNTING  TRAY 

The  VIK  Mechanical  Mounting  Tray  it  merely  a  meant  to 
mount  the  Rtcnvtr/Proctnor  on  a  turfic*  that  it  thock 
itolatad  from  the  typical  vehicular  environment  the  unit 
will  function  in  The  Rer e 1 ver /Pr oc e t t or  it  detigned  to 
mount  on  the  tray  lett  the  Battery  Pack  The  only  mode  of 
operation  it  in  the  External  mode  with  an  eiternal  power 
tource  providing  power 
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4  4  MVUt  ANTENNA 


The  MVUE  Anttnnj  it  the  interface  between  the 
e 1 ec tro-magnet »c  waves  that  originate  at  the  satellites  and 
the  trantei  i  •  1 1  on  line  signal  that  it  directed  to  the 
Rec e l ver /Pr oc ett or  or  to  the  V1H  Pre-  Amplifier  when  in  a 
vehicular  mode  The  HVUE  Antenna  it  compoted  of  a 

combination  of  pattive  element*  that  are  required  to  direct 
the  radio  frequency  tatillite  trantmi tt i ont  onto  a  coaiial 
trantmittion  medium 

4  4  1  HVUE  ANTENNA  ELECTRICAL  CHARACTERISTICS 

The  MVUE  Antenna  it  functionally  c harac ter i i ed  in 
Figure  441  and  mechanically  illustrated  in  Figure  442 
The  unit  it  tubdivided  into  an  LI  and  an  L2  receptor  element 
encloted  in  a  radome  for  environmental  protection  Each 
element  hat  a  Right  Hand  Circular  Polarijed  (RHCP)  far  field 
pattern  The  coverage  for  each  element  it  omni-directional 

in  the  upper  hemisphere  The  lower  hemisphere  response  it 
minimi  ted  to  reduce  multipath  sensitivity  The  gain  of  the 
antennas  it  such  that  at  least  0  dBc.  (Gain  referenced  to  a 
Right-Hand  Circular  Polariied  Isotropic  Radiator)  for 
elevation  angles  above  10  degrees  where  the  horiion  It 
described  by  a  0  degree  elevation  angle  The  gain 
specification  are  achieved  over  bandwidth  of  ♦  10  HHi 

centered  at  LI  and  L2  (1573  42  HH i  and  1227  6  MHZ 
respectively  ) 
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442  MVUE  ANTENNA  MECHANICAL  CHARACTERISTICS 


The  atch«mc<l  boritights  of  the  antenna  it  dirtcttd  toward 
ttm  th  in  an  operational  environment  The  xenith  is  0 
degree  declination  or  90  degrees  elevation  The  attention 
that  elevates  the  antenna  (Antenna  Support  Assy )  provides 
for  lenith  orientation  when  the  host  vehicle  is  on  level 
terrain  and  lenith  orientation  when  the  Manpack 
configuration  is  at  O  degrees  or  90  declinations 
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ANT(  NNA  LLtM(  NTS 


Figure  4.4-1.  HVUl  Antenna  functional  Diagram 


Figure  4.4. -2.  MVUE  Antenna  Mechanical  Outline 


4  3  BATTERY  PACK 


The  Battery  Pac k  it  the  power  source  for  the  system 
while  in  the  Manpack  configuration  The  unit  is  designed  to 
accept  a  Nicol  Cadmium  (BB390)  or  Lithium  (BB3390)  type 
battery 

The  battery  life  of  the  Battery  Pack  varies  from  a 
minimum  of  1  73  hra  for  a  Nicad  in  a  continous  on  mode  to  a 
7  hr  life  for  a  Lithium  in  the  same  mode  As  shown  in 
Figure  4  1  10-2  the  Battery  Pack  is  designed  to  snap  on  to 
the  lower  section  of  the  PROfl  Receiver/  Processor  unit  when 
ftanpack  operation  is  required  Refer  to  paragraph  6  3  3  for 
a  detailed  description  of  the  Battery  Pack  electronics  and 
interfaces 
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